































序論                                                                             1 
参考文献 (序論)                                                                   7 
 
第1章	 ベンザインとイソベンゾフランの連続的環化付加反応                     9 
 
1–1. 緒言                                                                    10 
1–2. 置換イソベンゾフランの合成                                           20 
1–3. ベンザインとイソベンゾフランの基質選択的環化付加反応                    22 
1–4. イソベンゾフランの環化付加反応によるポリアセン骨格の構築                29 
1–5. 多環式芳香族化合物のワンポット逐次反応 
1–5–1. 一方向への環の伸長による置換ポリアセン骨格の構築                 	 32 
1–5–2. 双方向への環の伸長による置換ポリアセン骨格の構築                 	 34 
1–6. 1,2-ジハロベンゼンの選択的ハロゲン–リチウム交換による多重環化付加反応	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	  
1–6–1. 1,2-ジハロベンゼンの基質選択的ハロゲン–リチウム交換                 35 
1–6–2. イソベンゾフランの逐次環化付加反応による高次縮環構造の構築         39 
1–7. 置換ペンタセンの合成  
1–7–1. 多重環化付加体の官能基化と骨格の伸長                               42 
1–7–2. 多重環化付加体の芳香族化による置換ペンタセンの誘導                 43 
1–8. 置換ペンタセンの構造と性質 
1–8–1. 置換ペンタセンの三次元構造                                         47 
1–8–2. 置換ペンタセンの紫外可視吸収スペクトル                             51 
1–9. 結論	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	            55 
    参考文献 (第 1 章)                                                            56 
 
第2章	 エポキシナフタレンとイソベンゾフランの立体選択的環化付加反応       59 
 
2–1. 緒言                                                                   60 
2–2. エポキシナフタレンの環化付加反応の一般性の検討                          66 
2–3. エポキシナフタレンとイソベンゾフランの環化付加反応における置換基効果    71 
2–4. ジエポキシテトラセンの芳香族化による置換テトラセンの合成                73 
2–5. エポキシナフタレンの多成分連結反応によるポリアセン骨格の構築	 	 	 	 	 	 76 




2–7–1. ジシアノペンタセンの三次元構造                                     83 
2–7–2. ジシアノペンタセンの紫外可視吸収スペクトル                         84 
2–8. 結論	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	            85 
	   参考文献 (第 2 章)	 	 	 	 	 	 	 	 	                                          86 
 
第3章	 ハロゲン化ペンタセンの有機電界効果トランジスタへの応用	    	 	 	   87 
 
3-1. 緒言                                                                   88 
3-2. ハロゲン化ペンタセンの電気化学的特性                                   91 
3-3. ハロゲン化ペンタセンの分子間相互作用                                   93 
3-4. ハロゲン化ペンタセンの薄膜トランジスタの作製と薄膜評価                 95 
3-5. ハロゲン化ペンタセンのトランジスタ特性                                 97 
3-6. 結論                                                                   99 
	   参考文献 (第 3 章)                                                           100 
 
実験の部                                                                101 
 
結語                                                                    175 
 





















AFM atomic force microscope 
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CV cyclic voltammetry 
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TLC thin-layer chromatography 
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	 また、A. B. Smith III らは潜在的に高い反応性を持つ合成ブロックを鍵として、求核部位が
異なる部位に順次受け渡されていくアニオンリレー化学 6により、エナンチオ選択的に多置換
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ザインとイソベンゾフランの連続的環化付加反応 (第 1 章)、エポキシナフタレンとイソベン
ゾフランの立体選択的環化付加反応 (第 2 章)、ハロゲン化ペンタセンの有機電界効果トラン
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るベンゼンの歴史は、1825 年の Faraday による鯨油からの芳香を持つ無色の液体 (沸点: 
80.1 °C、融点: 5.5 °C) の単離まで遡る。1834 年に Mitscherlich は、その当時提案されていた





















レン*は 1820 年に Thomson と Brande らによってコールタールから単離され、その組成式は




                                                
* 1821 年に Kidd によってナフサから naphthaline と命名された。 
KekuléLoschmidt




	 ナフタレンと同様にコールタールから単離されたアントラセン*は、1857 年に Fritzsche に
よって、その分子式が C14H10であることが示された。当初、アントラセンは直線状ではなく、
フェン型の構造を有していると考えられていたが、1874 年に Weith と Bindschedler によって
アントラキノンからフタル酸が誘導されたことが契機となり直線構造に訂正された。なお、
塩化ベンジルと水の混合物を高温に晒すとアントラセンが得られることが Limpricht によっ





センは自然界には存在しないため、これらの化合物は 19 世紀末期から 20 世紀にかけて人工











                                                
* ギリシア語で石炭を意味する anthrax に因んで命名された。 







































	 さらに、1939 年には適切な位置にアリールケトン部位を導入した 1,5-ジヒドロキシナフタ
レン誘導体の分子内環化によってヘキサセンキノンを合成した後、還元的芳香族化を含む数

































































想定できる (図 1-3)。中でも、a) に示したルートが直截的な合成法になると期待した。すな
わち、ルート b) 及びルート c) では、隣接位に同種の電荷を持った合成ブロック II、III やそ
れらの合成等価体を用いてイオン的な炭素–炭素結合形成反応を連続的に行う必要があり、実
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	 さらに、このキノイド型合成ブロック Ib は、その異性体としてジデヒドロベンゾシクロブ
テン IV が書ける。この分子はジデヒドロベンゾシクロブテン IV の四員環部分の電子環状反
応によって発生できるが、この反応は吸熱的であるためこれを単離して直接利用することは
難しい 8。一方、キノジメタン Ib のエキソ二重結合を酸素原子で架橋したイソベンゾフラン
V は、10π電子系の芳香族分子となるため、熱力学的な安定性が確保される。従って、イソ





	 そこで、上述の逆合成解析を踏まえてジデヒドロイソベンゾフラン V を用いた多成分連結
反応によるポリアセン構築のための合成スキームを改めて示した (図 1-4)。この手法では、
ジデヒドロイソベンゾフラン V の反応種としてベンザイン A を選択することによって、反応
の連続性を確保できる。すなわち、一段階目の[4+2]環化付加反応によって得られる環化付加
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	 これに関連して、1971 年に Warrener 12はエポキシナフタン 5 にテトラジン 6 を作用させる
と、連続的な Diels–Alder 反応、逆 Diels–Alder 反応によってイソベンゾフラン 1 が生成する
ことを報告している。この際、反応混合物を通常の操作で単離・精製すると、1 は直ちに重
合するが、一次反応生成物であるピリダジン誘導体 7 を真空熱分解 (120 °C、0.1 mmHg) の
条件に付すと、イソベンゾフラン 1 (mp ca. 20 °C) が純粋に得られる。しかし、この方法は一





	 一方、イソベンゾフラン骨格の 1,3 位に芳香環を持つ化合物は、空気中でも比較的安定に
取り扱える。例えば、1,3-ジフェニルイソベンゾフラン 9 は、ベンザイン前駆体 10 の共存下
で反応に利用できるため、反応系中で発生させたベンザインの捕捉剤として用いることによ
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図 1-7  
 
	 これに対して、1,3 位に置換基を持たないイソベンゾフラン 1 は、これを反応系内で発生さ
せる必要が生じる。すなわち、イソベンゾフラン 1 は、上述の Warrener の条件を利用して発













ことを見出している (図 1-9)14。すなわち、先述の Warrener の条件に従ってエポキシナフタレ
ン 13 より発生させたイソベンゾフラン 14 をアルゴンガス雰囲気下、シリカゲルカラムクロ
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	 この経済性・原子効率の課題の解決策の一つとして、最近当研究室では o-ホルミル安息香
酸メチル i への Grignard 反応剤の二重付加反応によるジアリールイソベンゾフラン v のワン
ポット合成法を開発している (図 1-11)9a。これは、i のアルデヒド部位への Grignard 反応剤の
選択的な求核付加によるラクトン iii の形成の後、引き続く Grignard 反応剤の iii への求核付


















































–40 → 0 °C
CF3CO2H
THF, 0 °C




	 はじめに、ジブロモイソベンゾフラン 16c の合成を行った (図 1-12)。すなわち、1,2-ジブ
ロモ-4,5-ジメチルベンゼン (17a) より数工程の変換を経て得られるジブロモフタル酸ジメ
チル 18 に対して、THF 中、0 °C で SDBBA*を作用させると、18 の二つのエステルのうち一
方が選択的に還元された 2-ホルミル安息香酸メチル 19 を収率 90%で与えた。次に、19 の THF
溶液に –40 °C で 3 倍モル量のフェニルマグネシウムブロミドを作用させて反応温度を 0 °C
まで上げた後、トリフルオロ酢酸を加えると、Grignard 反応剤の二重求核付加、脱水・芳香
族化が連続的に進行し、ジフェニルイソベンゾフラン 16c をワンポットで収率 82%で得るこ






	 次に、芳香環上に置換基を持つ Grignard 反応剤を用いたところ、この場合にもワンポット
反応がきれいに進行し、対応するジアリールイソベンゾフラン 16d が収率良く得られた。出
発物質として 4,5-ジクロロフタル酸 20 や 1-ブロモ-2-クロロ-4,5-ジメチルベンゼン (17b) を
用いる反応も問題なく進行し、イソベンゾフラン骨格に二つの塩素原子や異なるハロゲン原
子を持つイソベンゾフラン (16b、21) を合成できた。 
	 さらに、このワンポット合成法を利用して、イソベンゾフラン骨格に一つの臭素原子を持
つジフェニルイソベンゾフラン 22 の合成も可能であることが分った (図 1-13)。すなわち、
市販のブロモフタリド 23 を出発物質として、これのベンジル位の臭素化、加水分解、メチル
エステル化を経て得られる 4-ブロモ-2-ホルミル安息香酸メチル (26)16を、これまでと同様の
                                                
* NaAlH(Ot-Bu)i-Bu2 (SDBBA) の調製は、NaOtBu の THF 溶液に 0 °C で DIBAL を加えた後、反応温度
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Me2SO4, K2CO3 PhMgBr CF3CO2H
THF, 0 °CTHF










ン V の等価体であるジブロモイソベンゾフラン 14 をベンザイン受容体・前駆体の両方とし
て利用することである。すなわち、一段階目の反応では、イソベンゾフラン 14 をベンザイン
受容体として利用し、ジブロモベンゼン 27 より発生させたベンザイン A との反応によって
環化付加体 28 を得る (step 1)。二段階目では、環化付加体 28 をベンザイン供与体として利
用し、これより発生させたベンザイン B と反応系中に新たに加えたイソベンゾフラン 1 との
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ン–メタル交換反応は、1938 年の Wittig らによる臭化アリールと PhLi の反応における臭素原
子とリチウム原子の交換の発見を端緒とし (図 1-15、式 1)、この反応で生じるアリールリチ
ウムを用いて様々な有機合成反応に利用されてきた (式 2)。その後、ハロゲン–メタル交換に
関する知見が次々と蓄積され、1) ハロゲン–メタル交換は平衡反応であること、2) ハロゲン
















	 さて、ジブロモベンゼン 27 とジブロモイソベンゾフラン 14 の臭素–リチウム交換につい









































R1 Li R1 X
R2 Li
R2 X R1 Li+














	 そこで、上述の基質選択性の問題を念頭にジブロモベンゼン 27 とイソベンゾフラン 14 の
臭素–リチウム交換反応の基質選択性を調べることにした (図 1-18)。すなわち、27 と 14 の
トルエン溶液中、–15 °C で n-BuLi (1 equiv) を作用させたところ、一重環化付加体 28 は得ら
れたものの、その収率は 18%に留まり、二重環化付加体 33 が主生成物となった。この結果































































	 なお、一重環化付加体 28 の収率を上げるために、5 倍モル量のジブロミド 27 を用いて同


















して、p-ブロモクロロベンゼンとフェニルリチウムの反応がある (図 1-21、式 1)21。この反応



































Introduction of electron withdrawing group
X = F, Cl, Br
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受容性が高まる。その結果、p-ブロモクロロベンゼン 35 とフェニルリチウム 36 が反応した
p-クロロフェニルリチウム 37 が優先的に生じる。生成するアニオンは p 位の塩素原子の–I
効果によって安定化されるため、フェニルリチウム 36 よりも熱力学的に安定である。同様に
して、p 位と m 位にそれぞれ塩素原子を持つブロモベンゼンの反応では、m-クロロフェニル
リチウム 40 が生じる方向に反応が優先して起こる (式 2)。これは、塩素原子が p 位よりも m
位にある方が–I 効果が有効に機能するためである。同じ傾向は o-ブロモクロロベンゼン 41
と m-クロロフェニルリチウム 40 の反応でも観測され、アニオン種がより安定化されるオル





	 これらの知見を踏まえて、芳香環上の臭素原子の m 位にフッ素原子を導入した 1,2-ジブロ
モ-4,5-ジフルオロベンゼン (43a) を用いてイソベンゾフラン 14 との反応を行った (図 1-22)。
すなわち、43a と 14 のトルエン溶液に、–15 °C で n-BuLi を作用させたところ、臭素–リチ
ウム交換は電子求引性置換基を有する 43a で基質選択的に起こり、一重環化付加体 44 が収
率 49%で得られた。なお、この反応では、有機リチウム種として PhLi を用いたところ、環化








































































a 44: 66% (PhLi was used.)








	 また、フッ素原子の代わりに塩素原子を導入した 1,2-ジブロモ-4,5-ジクロロベンゼン (43b) 
をベンザイン前駆体とする反応も基質選択的であった (図 1-24)。すなわち、臭素原子に対し
て m 位にある二つの塩素原子の–I 効果によって臭素–リチウム交換が 43b の側で選択的に起





	 興味深いことに、塩素原子を臭素原子に代えた 1,2,4,5-テトラブロモベンゼン (43c) の臭












                                                
* A. L. Allred の値を四捨五入 2 桁にした値 (J. Inorg. Nucl. Chem. 1961, 17, 215.)。 
Br

















66%43a 16c 45aa PhCl: 76%
Br















































































































らなる骨格の伸長を図った (図 1-26)。まず、環化付加体 44 を用いて二度目の環化付加反応
を行った。 すなわち、ジブロモエポキシアントラセン 44 とフラン (47) のトルエン溶液に
–15 °C で n-BuLi を作用させると、ベンザイン F の発生の後に環化付加反応が進行し、ジエポ
キシテトラセン 48 を収率 79%で得た。なお、環化付加体 48 は二つのジアステレオマー混合









	 次に、9 位と 10 位にフェニル基を持つエポキシアントラセン 45a–45c を用いて環化付加反









































































–15 → 25 °C
n-BuLi,
toluene
a 2.5 equiv of n-BuLi was used.
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化付加体 45b の反応は、いずれの場合もきれいに進行し、対応するジエポキシテトラセン 49a、
49b を良好な収率で与えた。この際、環化付加体 49a、49b は、それぞれ二つのジアステレ
オマー混合物として less polar 49a/ more polar 49a = 48/52 と less polar 49b/ more polar 49b = 
43/57 で得られた (entry1, 2)。一方、四つの臭素原子を持つ環化付加体 45c の反応では、目的
とするジエポキシテトラセン 49c の収率は 38%に留まり、さらに骨格が伸長した化合物 50
が副生した (entry 3)。これは、環化付加体 49c と出発物質 45c の左側の芳香環の部分構造が
類似しており、臭素–リチウム交換の反応性に差がないためである (図 1-27)。なお、環化付
加体 45c に対して 10 倍モル量のフラン (47) と 2 倍モル量の n-BuLi (2.5 equiv) を作用させ





	 表 1-3. 
 
 
	 さらに、フランの代わりにイソベンゾフラン 9 を捕捉剤とする環化付加反応によって、よ
り縮環数の大きなポリアセン骨格を構築することができた (表 1-3)。すなわち、環化付加体
45a および 45b の反応では、上述と同様の条件で反応を行うことにより、対応するジエポキ
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= 52/48) をそれぞれ良好な収率で得た (entry1, 2)。一方、環化付加体 45c の反応は多重環化



















































	 すなわち、先述と同様に 43a とイソベンゾフラン 14 のトルエン溶液に–15 ºC で PhLi を作
用させ、一重環化付加体 44 が生じたことを TLC によって確認した後、反応容器にフラン (47) 
と n-BuLi を順次加えたところ、二重環化付加体 48 が 31%で得られた。この結果は満足のい
くものではなかったので、反応溶媒、温度などについて詳細に検討を行ったところ、一次生
成物 44 の溶解性が上がるトルエン–THF (4:1) 溶液を用いた場合に、収率は 44%になった (図
1-28)。なお、この反応で得られる二重環化付加体 48 は二つのジアステレオマーの混合物と
して得られ、その生成比は less polar 48/ more polar 48 = 43/57 であった。 
	 また、ベンザインの捕捉剤としてジブロモイソベンゾフラン 16c (Step 1) とジフェニルイ
ソベンゾフラン 9 (Step 2) を用いたワンポット連続的環化付加反応もきれいに進行すること
が分った (表 1-4)。すなわち、ジブロモジフルオロベンゼン 43a とイソベンゾフラン 16c の
クロロベンゼン溶液中に n-BuLi を作用させて環化付加反応を行った後、これにイソベンゾフ
ラン 9 を加え、n-BuLi を再度作用させると、二重環化付加体 51a (less polar 51a/ more polar 51a 


























–15 → 25 °C
–15 → 25 °C
toluene–THF
(4:1) 48 (44%, 2 steps)
Step 1
Step 2
(less polar 48 / more polar 48 = 43/ 57)







オロベンゼン 43a とイソベンゾフラン 16c のトルエン溶液中で反応を行った後、二段階目の
イソベンゾフラン 16a との反応で PhLi を用いると、二重環化付加体 52a (less polar 52a/ more 
polar 52a = 52/48) を収率 62％で与えた (entry 2)。また、ジブロモジクロロベンゼン 43b を出
発物質として、イソベンゾフラン 16c とイソベンゾフラン 9 を捕捉剤とする反応もきれいに
進行した (entry 3、44%、less polar 51b/ more polar 51b = 55/45)。同様に、ジフルオロイソベ
ンゾフラン 16a またはジクロロイソベンゾフラン 16b を二段階目の反応の捕捉剤として用い
た場合でも、良好な収率で二重環化付加体 53 (entry 4、43%、less polar 53/ more polar 53 = 55/45) 









































































































































	 次に、環化付加体 45c を用いたワンポット環化付加反応による双方向への環の伸長を試み
た。すなわち、1,2,4,5-テトラブロモベンゼン (43c) とイソベンゾフラン 16c の共存下、n-BuLi
を作用させて一重環化付加体 45c を選択的に得た後、フラン (47) と n-BuLi を加えると、双








































–15 → 25 °C
toluene







–15 → 25 °C
toluene







































あるため、–I 効果は m 位にハロゲン原子が導入された場合よりも大きく働くため、臭素–リ
チウム交換が基質選択的に起こるものと期待できる (図 1-21、式 3)。 













2) Type 2: Utilization of more electropositive halogen






1) Type 1: Tuning the reactivity by adjacent halogen
X1 = X2 = F, Cl, Br
X1 X1
X2 X2







リチウム交換の位置選択性を制御している (図 1-30)23。すなわち、1,4-benzdiyne 等価体であ



















































I Br Cl F
X X X X
X: leaving group
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	 まず、脱離基として種々のハロゲン原子を有するヨードベンゼン 59 とジブロモイソベンゾ








ゼン 59 をベンザイン前駆体として、ジブロモイソベンゾフラン 14 との環化付加反応を行う
ことにした。まず、1-ブロモ-2-ヨードベンゼン (59a) とジブロモイソベンゾフラン 14 を用
いて反応を行った (表 1-5)。すなわち、59a と 14 のトルエン溶液に–78 °C で n-BuLi を作用
させると、59a の側での選択的なヨウ素–リチウム交換を鍵とするベンザインの発生の後、イ
ソベンゾフラン 14 との環化付加反応によって一重環化付加体 28 と二重環化付加体 33 をそ
れぞれ収率 60%と 9%で得た (entry 1)。この際、28 での臭素–リチウム交換により生じる 33
の生成を十分に抑制することができた。また、この反応の反応条件をさらに詳しく検討した
ところ、–15 °C で n-BuLi を作用させたのち、25 °C まで反応温度を上げるという条件で 28
を収率良く得ることができた (entry 2)。また、1-クロロ-2-ヨードベンゼン (59b) をベンザイ
ン前駆体として用いて反応を行ってもヨウ素–リチウム交換が選択的に進行した (entry 3)。こ
の反応も同様に、–15 °C で反応を行った場合の方が低温で行った場合よりも 28 が収率良く
得られた (entry 4)。さらに、脱離基がフッ素原子の 59c を用いて同様の反応に用いた場合に
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60aの環化付加反応を試みた (図 1-31)。すなわち、1.5倍モル量の 60aのトルエン溶液に–40 °C
で 1 倍モル量の n-BuLi を作用させ、発生するベンザインをフラン (47) で捕捉したところ、
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ベンゼン環から 2-クロロフェニルリチウム 62 が発生し、環化付加体 49c が主に得られると
予想していたが、実際には 2-ブロモフェニルリチウム 63 から発生したベンザイン I に由来す













	 まず、一方向への多環式芳香族骨格の構築を試みた (図 1-32)。すなわち、先述の Type 2 の
形式でヨードブロモベンゼン 59a よりベンザインを発生させ、これをイソベンゾフラン 16c









61a: 69% 50: 4%
61b: 66% 50: 5%
60a: X = Cl






















































	 次に、一重環化付加体 64 とブロモクロロイソベンゾフラン 21 の共存下、25 °C で n-BuLi
を作用させると、先述の Type 1 の形式で 64 よりベンザイン J が選択的に発生し、これと 21
の環化付加反応が進行して、二重環化付加体 65 が得られた (Step 2)。この際、65 よりベン







	 さらに、このようにして得た二重環化付加体 65 をベンザイン前駆体として三度目の環化付
加反応を行うことにより、トリエポキシヘプタセン 67 を収率 68%で合成した (Step 3)。 
	 次に、テトラブロモベンゼン 43c を出発物質として、双方向への逐次環化付加反応による
骨格の伸長を試みた (図 1-33)。すなわち、43c とイソベンゾフラン 21 を用いた環化付加反




































































































	 次に、Type 1 の形式により環化付加体 60a の左側の芳香環で選択的に発生するベンザイン
I をイソベンゾフラン 9 で捕捉することで環化付加体 65 を 65%の収率で得た (Step 2)。さら
に、環化付加体 65 から発生させたベンザイン K をフラン (47) で捕捉してトリエポキシヘキ
サセン 68 を得た (Step 3)。なお、環化付加体 68 は末端のエポキシ架橋環部位でのさらなる
環の伸長などの合成的有用性を秘めている。 



























































































	 まず、ビス–イソベンゾフランの等価体である三重環化付加体 50 に対して、官能基の導入
を試みた (図 1-34)。すなわち、50 にテトラジン 6 を作用させることで連続的に Diels–Alder
反応と逆 Diels–Alder 反応が進行してビス–イソベンゾフランが発生し、これをマレイン酸ジ
メチル 69 で捕捉すると、テトラエステル体 70a が得られた。また、捕捉剤としてフマロニ








用いることで、さらなる環の伸長が可能な点である (図 1-35)。すなわち、環化付加体 7224よ
り発生させたビス–イソベンゾフランをナフトキノン 73 で捕捉すると高次縮環体 74 を得る
ことができた。なお、この反応では、生成物の溶解性を確保するために 4-tert-ブチルフェニ



















































	 例えば、Chamberlin らの AlBr3と CsI を用いた芳香族化 (式 1) や TMSCl と NaI から調製し
た TMSI を利用する芳香族化 (式 2) の条件がある 25。この他にも、Ti(0)、Fe2(CO)9、亜鉛、
イソプロピルマグネシウムブロミドなどを利用した還元的な芳香族化 (式 3–6) も開発され
ている 26。 
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	 また、四つのフッ素原子を有するジエポキシペンタセン 52a や四つの塩素原子を有するジ
エポキシペンタセン 52b もルイス酸を作用させる条件で、対応するテトラハロペンタセン





	 次に、テトラエステル体 70a の芳香族化を試みた (図 1-39)。ここでは 70a の両端の酸素架
橋環での脱水・芳香族化を行うために濃硫酸を作用させたが、興味深いことに三つ全ての酸






















































































a A Pasteur pipette was used.
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	 この芳香族化で特筆すべきは、濃硫酸を作用させるだけで形式的な還元反応が進行してい









	 一方、テトラシアノ体 70b に対して上述の濃硫酸を用いる条件で芳香族化を試みたが、こ
の場合には目的とするテトラシアノペンタセン 82b は得られず、複雑な生成物の混合物を与
えた。そこで、70b の段階的な芳香族化によって置換ペンタセンへの変換を試みた (図 1-41)。
すなわち、70b とヨウ化リチウムの THF 溶液に DBU を作用させると、両端の酸素架橋環で
の芳香族化が進行して、エポキシペンタセン 83 を得た。次に、83 のルイス酸による芳香族
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	 さらに、高次縮環体 74 も塩基性条件と p-トルエンスルホン酸を用いた段階的な芳香族化


























































を試みた。各種ペンタセンの CHCl3溶液にヘキサンあるいは MeOH を加えることで界面を形
成し、溶媒を徐々に拡散させることで単結晶を得た。これらの X 線結晶構造解析の結果を以
下に示す。 






                                                
* ペンタセン 81c の合成は以下に示すスキームで行った 28a。すなわち、ジブロモイソベンゾフラン 16c
とベンゾキノンの Diels–Alder 反応によって得られる環化付加体 xi を酸性条件に付すことで、ペンタセ
ンキノン xii を合成した後、これの NaBH4による還元と SnCl2を用いた還元的芳香族化により、ペンタ
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top view  





	 一方、ジクロロペンタセン 80b とジブロモペンタセン 80c では良質な結晶が得られた。こ
れらの分子は類似のパッキング構造であり、π–π相互作用によるペンタセン同士の重なりは
見られなかった (図 1-44)。なお、ジクロロペンタセン 80b の結晶では、一部の分子の反転に
よる乱れ構造やフェニル基の乱れが観測された。 
 
	 	 	 	  
                 top view                            side view 
図 1-44 
 
	 テトラフルオロペンタセン 81a の結晶は、2 分子を一つのユニットとして、一次元的に長
軸方向にずれた積層構造であった (図 1-45)。これは、二つフェニル基の間に別の分子のフェ
ニル基を挟み込むように位置するためと推定している。なお、ペンタセン同士の面間距離は
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3.65 Å と 3.58 Å であった。同様に、テトラクロロペンタセン 81b の結晶でも分子が長軸方向
にずれて積層した構造が観測された (図 1-46)。その面間距離は 3.76 Å と 3.74 Å であり、ペン




             top view                                side view 
図 1-45 
 
   
             top view                                side view 
図 1-46 
 
	 エステル基を有するペンタセン 82a は、2 分子で一つのユニットを形成していた (図 1-47、
図 1-48)。この際、ユニットの隙間を埋めるように結晶溶媒が含まれていた。 
 
       
図 1-47 
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top view                                  side view 
図 1-48 
 
	 ノナセンテトロン 85 の結晶構造は、分子同士が長軸方向にずれているだけでなく、短軸方




       
top view 
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	 シアノ基を有するペンタセン 82b の最長帯の極大吸収波長λmaxは 634 nm であり、母体化合
物である 6,13-ジフェニルペンタセン (λmax = 604 nm in CH2Cl2)28bと比べて 30 nm の長波長シフ
トが見られた。なお、エステル基を有するペンタセン 82a (λmax = 616 nm in CH2Cl2)27と 82b
の比較では、約 18 nm の長波長シフトであった。また、キノン部位を有するペンタセン 85
の極大吸収波長は 683 nm に観測され、82b よりも 49 nm と大きく長波長シフトした。 
	 次に、ハロゲン化ペンタセン 80、81 の紫外可視吸収スペクトルを測定した。ジクロロペ
ンタセン 80b とジブロモペンタセン 80c の極大吸収波長は 625 nm と 628 nm であり、母体化
合物 86 の 617 nm よりも約 10 nm の長波長シフトが見られた (図 1-51)。一方、興味深いこと
に、ジフルオロペンタセン 80a では、その極大吸収波長が 609 nm であり、86 よりも短波長
シフトした。テトラハロペンタセン 81 の場合も同様の傾向を示し、ペンタセン 81a、81b、






























ペクトルの経時変化を調べた (図 1-53、表 1-6)。すなわち、ハロゲン化ペンタセン 80、81、
及び母体化合物 86 の CH2Cl2溶液 (1.0 x 10–5 M) を調製し、空気中、室内光の下で静置して
30 秒ごとに紫外可視吸収スペクトルを測定した。その結果、ジフルオロペンタセン 80a の半
減期は 80 秒であり、86 の半減期と同等であった (a)。一方、ジクロロペンタセン 80b の場
合、その半減期は 98 秒と長くなり、ジブロモペンタセン 80c では、半減期が 318 秒とさらに
長くなった。テトラハロペンタセン (81a、81b、81c) でも同様の傾向を示し、その半減期
はそれぞれ 86 秒、226 秒、及び 981 秒であった (b)。以上の実験結果から、ハロゲン原子の














































80b: Cl 98536, 577, 625
86 80530, 570, 617
81c: Br 981542, 585, 635
80c: Br 318538, 580, 628
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	 すなわち、ジブロモジフェニルイソベンゾフラン 16c を合成する際、先述の Warrener の条
件で反応を行うと、望みのイソベンゾフラン 16c の収率は 27%にとどまり、この場合にはむ
しろジエポキシテトラセン 87 が主生成物として得られた。これは、イソベンゾフラン 16c
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	 この反応で興味深いことは、一見すると反応性が乏しいように思われるエポキシナフタレ
ン 15c の二重結合部分で Diels–Alder 反応が 60 °C という温和な条件で進行していることであ
る。すなわち、エチレンとブタジエンのように電子的に摂動のない分子同士では、反応の進









	 一方、今述べた反応では、エポキシナフタレン 5 は二重結合部分に電子的な摂動がかかっ
ていないにもかかわらず、高い反応性を示した (図 2-3)。これは、二重結合部分の大きなひ
ずみに起因していると理解できる。実際、このひずみアルケンの高い反応性を評価するため
にジフェニルイソベンゾフラン 9 を捕捉剤としてナフトキノン 73 との競争反応を行ったと
ころ、環化付加体 88 が主生成物として得られるものの、エポキシナフタレン 5 に由来する
環化付加体 89 も相当量生成した 1。その生成比からエポキシナフタレン 5 の反応性はナフト























































る (図 2-5)。これからロジウム(III)アルコキシド 91またはπ–アリル錯体 92が形成された後、















































































	 これに関連して、最近 Kuck ら 6は、エポキシナフタレンとイソベンゾフランの環化付加反
応によって得られる高次縮環化合物 96 からテトラセンへの変換を試みているが、この場合に
も芳香族化は全く起こらないことを報告している (図 2-7)。すなわち、化合物 96 に p-トルエ
ンスルホン酸を作用させて、80 °C で加熱すると Grob 開裂が生じ、フタルアルデヒド 98 と










































R1 R2 R3 R4 R5
OC6H13 H H H OC6H13
yield/%
90
C6H13 H CH3 H H 59
OC6H13 H H C6H13 Br 65
H H H H OC6H13 92
H H H H H 95















































	 一方、ジエポキシテトラセンの芳香族化に唯一成功している例として、化合物 101 の合成
がある (図 2-8)7。すなわち、フタロシアニン骨格を持つ基質 100 を酸性条件下、90 °C で加

















































































































成した (図 2-9)。ベンザイン前駆体としてヨードトリフラート 102 を用いて、これに–78 °C
で n-BuLi を作用させ、発生するベンザインをフラン 47 で捕捉すると、エポキナフタレン 5
が収率 55%で得られた。ジメチルフラン 103 を捕捉剤として同様の反応を行うと、ジメチル
エポキシナフタレン 104a を収率 76%で与えた。一方、ジフェニルフラン 105 を捕捉剤とし
て用いたところ、目的物 104b の収率は 17%に留まったが、ベンザイン前駆体を 1,2-ジブロ





	 このように合成したエポキナフタレン 5 を用いて、ジフェニルイソベンゾフラン 9 との
[4+2]環化付加反応を行った (表 2-2)。まず、5 とジフェニルイソベンゾフラン 9 のトルエン
溶液を 110 °C で加熱すると、30 分で環化付加反応が完結し、環化付加体 89 が 96%の収率で
得られた (entry 1)。この際、反応は立体選択的であり、syn-exo 体 89A と anti-endo 体 89B が
75 : 25 の比で生成した。なお、それぞれの生成物の立体化学は X 線結晶構造解析によって決
定した。図 2-10 に示したように、syn-exo 体はエポキシナフタレン 5 の convex 面からイソベ
ンゾフラン 9 が exo 付加し、二つの酸素原子が同じ側にある化合物であり、anti-endo 体は endo
付加によって二つの酸素原子が逆側にある化合物である。 
	 一方、同様の反応を 25 °C で行うと、原料は 8 時間で消費され、立体選択性は 79 : 21 とな
った (entry 2)。さらに、反応温度を 0 °C まで下げると、原料の消費に長時間を要したが、syn-exo
選択性はさらに上がった (entry 3)。なお、一連の反応では、得られる二つの生成物をそれぞ




































         





の際、生成物 89 は、syn-exo/anti-endo = 77/23 で得られた (entry 1)。また、ベンゼンと沸点が
同程度の EtOH を用いた反応の立体選択性は、syn-exo/anti-endo = 76/24 とベンゼンを用いた場
合と変わらなかった (entry 2)。一方、非プロトン性極性溶媒の CH3CN を用いたところ、syn-exo
選択性が若干下がったが (entry 3)、n-ヘキサンや THF を用いた反応では、その反応性や立体
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	 表 2-3. 
 
 
	 次に、1,4 位にメチル基を導入したエポキフタレン 104a を用いて行ったところ、無置換の
エポキシナフタレン 5 の反応とは立体選択性が逆転し、anti-endo 体 106aB を単一の生成物と
して与えた (表 2-4、entry 1、2)。この際、syn-exo 体 106aA は全く得られなかった。なお、
この反応では、エポキシナフタレンの酸素架橋部位のメチル基の立体障害のため 110 °C の加
熱条件下であっても反応が完結するまでに 26 時間を要した。この場合、25 °C では反応がほ
とんど進行しなかった。 
 
	 表 2-4. 
 
 
	 さらに、1,4 位にフェニル基を持つエポキシナフタレン 104b の環化付加反応を試みたとこ
ろ、酸素架橋部位にメチル基を持つ 104a と同様に、anti-endo 体 106bB が単一の異性体とし
て得られた (entry 3、4)。この場合には、110 °C の加熱条件下、4 時間で反応が完結した。な
お、環化付加体の立体化学は X 線結晶構造解析によって決定している (図 2-11)。また、この
ような立体選択性の発現の理由について、エポキシナフタレンとイソベンゾフランが有する
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図 2-11 
 






応を行った (表 2-5)。その結果、無置換のエポキナフタレン 5 とイソベンゾフラン 14 の反応
は、わずかながら anti-endo 選択的に進行し (entry 1、2)、ジメチルエポキナフタレン 104a で
は、それとは逆に syn-exo 選択性を示した (entry 3、4)。一方、ジフェニルエポキシナフタレ
ン 104b を基質とした場合は、高い立体選択性が発現し、anti-endo 体 107cB が収率良く得ら











































	 なお、イソベンゾフランの臭素原子の影響を調べるため、エポキシナフタレン 104b とイ
ソベンゾフラン 1 との環化付加反応を行ったところ、anti-endo 体 89C が優先的に得られ、立






































4 Me 65/356225 10




6 Ph 6/948025 1.4
5 Ph 2/9880110 0.2
























































	 次に、ジフェニルイソベンゾフラン骨格の 5,6 位やイソベンゾフランの 1,3 位にある芳香環
に置換基を導入し、[4+2]環化付加反応の反応性や生成物の立体選択性に与える影響を調べる
ことにした。 
	 そこで、エポキナフタレン 5 とジアリールイソベンゾフラン 108 の反応を行った (表 2-6)。
まず、芳香環上の p 位にフッ素原子を導入したジ(4-フルオロフェニル)イソベンゾフラン
108a8の反応を行ったところ、30 分で反応は完結し、syn-exo 体 109aA が主生成物として得ら
れた (entry 1、syn-exo/anti-endo = 75/25)。同様にメトキシ基を持つイソベンゾフラン 108b8
の反応でも、環化付加体 109b は同様の選択性で得られた (entry 2、syn-exo/anti-endo = 76/24)。
一方、芳香環の o 位にメチル基を持つジアリールイソベンゾフラン 108c9の場合、立体障害
のため反応の完結に長時間を要したが、より高い syn-exo 選択性を示した  (entry 3、
syn-exo/anti-endo = 80/20)。さらに、嵩高い置換基である 2,6-キシリル基を導入したイソベンゾ




	 表 2-6. 
 
 
	 次に、骨格の 5,6 位に官能基を導入したジフェニルイソベンゾフラン 16 とエポキシナフタ
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を用いて反応を行ったところ、syn-exo 体 110aA の生成が優先的であった (entry 1)。同様に、
塩素原子を有するイソベンゾフラン 16b や臭素原子を有するイソベンゾフラン 16c を用いた
場合も、反応は syn-exo 選択性であった (entry 2、3)。この際、ジフルオロジフェニルイソベ
ンゾフラン 16a の反応では、他のハロゲン原子を有するイソベンゾフランと比べて syn-exo
選択性が低くなった。次に、電子供与基であるメトキシ基を有するイソベンゾフラン 16e8の
反応の場合も同様に syn-exo 体 110dA を選択的に与え、立体選択性はジフェニルイソベンゾ
フランの反応の場合と同等であった (entry 4)。 
 









































































エポキシテトラセンの anti-endo 体と syn-exo 体の芳香族化について改めて検討することにし
た。 
	 まず、anti-endo 体 89B の p-トルエンスルホン酸での芳香族化を試みた (図 2-13)。すなわ
ち、89B のトルエン溶液に 80 °C で TsOH・H2O を作用させると、89B が Grob 開裂 10したフ
タルアルデヒド 111 とナフタレン 112 がそれぞれ 33％の収率で得られた。同様に、anti-endo
体 106bBの芳香族化でもGrob開裂が起こるのみで、置換テトラセンは全く得られなかった。
このように、これまでの報告と同様に、anti-endo 体からの芳香族化は進行しなかったが、こ































































と炭素–酸素結合 b の開裂が容易に起こる。次に、ここで生じた中間体 116 への水の求核付





	 次に、syn-exo 体 89A を用いて芳香族化を試みた (表 2-8)。まず、89B と同じ酸性条件で反
応を行ったところ、驚くべきことに、芳香族化がきれいに進行し、置換テトラセン 11711 を
87%の収率で得ることができた (entry 1)12。また、酸として濃硫酸を用いたときも低収率なが
ら 117 を与えた (entry 2)。さらに、ルイス酸を作用させる条件も目的の芳香族化が中程度の
収率で進行した (entry 3)。一方、亜鉛粉末を用いた還元的条件では痕跡量の 117 を与えた 
(entry 4)。これらの結果から、syn-exo 体から芳香族化が進行することが分った。 
 
	 表 2-8. 
 
 
	 なお、syn-exo 体の芳香族化の反応機構を以下のように考えている。すなわち、syn-exo 体
89A の芳香族化では、89A の酸素架橋と核間水素がアンチペリプラナーの関係にあるため、






















































conditions yield / %
3 AlBr3, CsI, CHCl3, 0 → 25 °C, 15 h 51
Zn (powder), AcOH, toluene, 50 °C, 24 h
conc. H2SO4, toluene, 0 → 25 °C, 2.5 h
TsOH•H2O, toluene, 80 °C, 1.5 h
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ンに伴う脱水・芳香族化が進行してエポキシテトラセン 119 が生成する。さらに、ここから
















































































ロモイソベンゾフラン VIII の環化付加によってジエポキシテトラセン IX を得る (Step 1)。二
段階目では、IX をベンザイン前駆体として利用して、発生させたベンザインをフランで捕捉
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77 
	 さらに、トリエポキシペンタセン X の右端の酸素架橋部位でさらに成分の連結が可能であ
るため、X よりイソベンゾフラン XI を発生させ、これの官能基化と引く続く芳香族化によっ
て置換ペンタセン XII が合成できると期待した。そこで、この合成スキームの可能性を検討
することにした。 
	 まず、ジブロモジエポキシテトラセン 110cA をベンザイン前駆体として利用し、ベンザイ
ンとフランの環化付加反応を試みた (図 2-17)。すなわち、ジエポキシテトラセン 110cA と
フラン (47) のトルエン溶液に–15 °C で n-BuLi を作用させると、ベンザイン M の発生の後、






	 次に、得られた環化付加体 120 の官能基化、芳香族化を試みた (図 2-18)。すなわち、120
にテトラジン 6 を作用させることで発生するイソベンゾフラン N をフマロニトリル 71 で捕
捉すると、ジシアノ体 121 が得られた。次に、DBU と LiI を用いた塩基性条件での芳香族化




















































































ち、ジメトキシエポキシナフタレン 123 とジブロモイソベンゾフラン 16c の環化付加反応に
よって、ジエポキシテトラセン 124 を収率 95%で得た (図 2-19)。この際、その立体選択性は、





	 次に、syn-exo 体 124A を用いて、図 2-17 に示したトルエン溶液中で n-BuLi を作用させる
条件で骨格の伸長を試みたところ、トリエポキシペンタセン 125 の収率は 41%に留まり、未
反応の環化付加体 124Aが 15%で回収された (表 2-9、entry 1)。この反応の収率を上げるため、
反応溶媒と有機リチウム反応剤を種々検討した結果、THF 溶液中で PhLi を作用させると、125
を良好な収率で与えることが分った (entry 2)。 
 
	 表 2-9. 
 
 
	 このようにして合成したトリエポキシペンタセン 125 を用いて、122 と同様の条件で官能
























































1 41 (r.s.m. 15%)
conditions yield of 125 / %
n-BuLi, toluene, –15 → 25 °C, 5 h
2 PhLi, THF, –15 → 25 °C, 5 h 78
r.s.m.: recovered starting material





	 さらに、ジエポキシアントラセン 128 を出発物質として用いれば、双方向への骨格の伸長
が可能であった (図 2-21)。すなわち、まず、テトラブロモベンゼン 12914 のトルエン溶液に
PhLi を作用させることで発生するベンザインとフランの二重環化付加反応によって、ジエポ
キシアントラセン 128 を収率 93%で得た。この際、128 は二つのジアステレオマーの混合物
として得られ、その比は less polar 128/more polar 128 = 50/50 であった。なお、これらの環化
付加体の立体化学は未決定である。次に、ジエポキシアントラセン 128 (less polar) とジフェ
ニルイソベンゾフラン 9 のトルエン溶液を 110 °C で加熱したところ、双方向に骨格が伸長さ
れたテトラエポキシヘプタセン 130 が三つのジアステレオマー (A/B/C = 52/42/6) として収
率 74%で得られた。また、ジエポキシアントラセン 128 (more polar) を用いた場合でも、130 
(D/E/F = 48/45/7) を収率良く得ることができた。この際、生成物の立体化学は 1H-NMR より
推定し*、130A と 130D は (syn-exo, syn-exo)、130B と 130E は (syn-exo, anti-endo)、130C と












































































O O O OO O
129 130 (74%, A/B/C =  52/42/6)
more polar 128 130 (92%, D/E/F =  48/45/7)
9
	 ジエポキシテトラセンの syn-exo体と anti-endo体の核間
水素では、それぞれの立体化学に特徴的な 1H-NMR の化
学シフト値 (例えば、syn-exo 体 89A: δH 2.67、anti-endo 体








89A (syn-exo) 89B (anti-endo)
O O O O
δH 2.67 (s) δH 3.18 (s)





た (図 2-22)。すなわち、先述の知見をもとにジエポキシペンタセン 122 に p-トルエンスルホ
ン酸を作用させて、反応温度を 80 °C に上げたところ、複雑な生成物の混合物が得られるの
みであった。この際、反応温度を 50 °C に下げて同様の反応を行うと、TLC 上で置換ペンタ
セン 131a に相当する青色のスポットが生じた。この反応混合物の単離・精製を行ったとこ






	 そこで、ジエポキシペンタセンの芳香族化の条件を改めて検討した (表 2-10)。その結果、
AlBr3 (5 倍モル量) と CsI (6 倍モル量) を作用させる条件で、置換ペンタセン 131a が収率 49%
で得られた (entry 1)。また、SnCl2を用いた還元的芳香族化でも、わずかではあるが 131a を
与えた (entry 2)。一方、CSA、aq. HBr、TiCl4/Zn などの条件では、目的の置換ペンタセンは
得られなかった。 
 
	 表 2-10. 
 
 
	 次に、上述の条件を用いてジエポキシペンタセン 127 の芳香族化を行った (図 2-23)。すな
































conditions yield of 131a / %
SnCl2, 12 M HCl aq., CH3CN, 82 °C, 2 h
AlBr3, CsI, CHCl3, 0 °C, 48 h
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ポットは、ナフタレン 132 とジケトン 133 であった。この場合、AlBr3の等量を 1 倍モル量
に減らして反応を行うと、置換ペンタセン 131b を収率 55%で得ることができた。この際、
アセタール 134 が二つのジアステレオマーとして副生した。なお、ナフタレン 132 とジケト






	 また、アセタール 134 が生じた理由は、反応溶媒に用いた CHCl3の安定化剤である EtOH
が原因であると考えている (図 2-24)。すなわち、ジエポキシペンタセン 127 の左側の酸素原
子が AlBr3による活性化によって、脱プロトンに伴う酸素–炭素結合の開裂が促進される。さ
らに、ベンジルカチオンの生成に引き続く炭素–炭素結合の開裂によって発生するオキソニウ


















































































































































	 ジシアノペンタセン (131a、131b) の X 線結晶構造解析の結果を図 2-25、図 2-26 にそれ
ぞれ示す。各ペンタセンの単結晶は、富溶媒に CHCl3、貧溶媒に MeOH を用いた蒸気拡散法
によって得られた。なお、いずれの結晶も CHCl3溶媒和物であったが、下図では CHCl3を表
示していない。 
	 ペンタセン 131a は、分子が長軸方向にずれた積層構造であり、その面間距離は、シアノ
基が結合する芳香環部分では 3.52Å、置換基を持たない芳香環部分では 3.75Å であった (図
2-25)。 
 
     













Crystallographic data: C36.85H20.85Cl2.56N2, MW = 582.36, 0.270 x 0.052 x 0.045 mm, monoclinic, space 
group P 21/n, Z = 4, T = 173(2) K, a = 8.53096(15) Å, b = 15.8424(3) Å, c = 20.9248(4) Å, b = 
97.9035(7)°, V = 2801.14(9) Å3, l(Cu Kα) = 1.54186 Å, μ = 2.806 mm-1. Intensity data were collected on 
a Rigaku R-AXIS RAPID2. The structure was solved by direct methods (SHELXS97) and refined by the 
full-matrix least-squares on F2 (SHELXL2014). A total of 32319 reflections were measured and 5126 
were independent. Final R1 = 0.0438, wR2 = 0.1159 (4439 refs; I > 2σ(I)), and GOF = 1.063 (for all data, 
R1 = 0.0490, wR2 = 0.1199).
3.75 Å 3.52 Å
X*(21 1
Crystallographic data: C36.85H20.85Cl2.56N2, MW = 582.36, 0.270 x 0.052 x 0.045 mm, monoclinic, space 
group P 21/n, Z = 4, T = 173(2) K, a = 8.53096(15) Å, b = 15.8424(3) Å, c = 20.9248(4) Å, b = 
97.9035(7)°, V = 2801.14(9) Å3, l(Cu Kα) = 1.54186 Å, μ = 2.806 mm-1. Intensity data were collected on 
a Rigaku R-AXIS RAPID2. The structure was solved by direct methods (SHELXS97) and refined by the 
full-matrix least-squares on F2 (SHELXL2014). A total of 32319 reflections were measured and 5126 
were independent. Fi al R1 = 0.0438, wR2 = 0.1159 (4439 refs; I > 2σ(I)), and GOF = 1.063 (for all d ta, 
R1 = 0.0490, wR2 = 0.1199).
3.75 Å 3.52 Å
X*( 1 2
Crystallographic data: C40H26Cl6N2O2, MW = 779.33, 0.168 x 0.017 x 0.015 mm, monoclinic, space 
group P 21, Z = 2, T = 173(2) K, a = 5.707(7) Å, b = 17.086 (19) Å, c = 18.41(2) Å, b = 95.76(3)°, V = 
1786(4) Å3, l(Cu Kα) = 1.54186 Å, μ = 4.704 mm-1. Intensity data were collected on a Rigaku R-AXIS 
RAPID II. The structure was solved by direct methods (Charge Flipping in PLATON) and refined by the 
full-matrix least-squares on F2 (SHELXL2014). A total of 20769 reflections were measured and 6392 
were independent. Final R1 = 0.0914, wR2 = 0.2027 (3172 refs; I > 2σ(I)), and GOF = 1.058 (for all data, 
R1 = 0.1456, wR2 = 0.2584).
3.79 Å
X*(21 2
Crystallographic data: C40H26Cl6N2O2, MW = 779.33, 0.168 x 0.017 x 0.015 mm, monoclinic, space 
group P 21, Z = 2, T = 173(2) K, a = 5.707(7) Å, b = 17.086 (19) Å, c = 18.41(2) Å, b = 95.76(3)°, V = 
1786(4) Å3, l(Cu Kα) = 1.54186 Å, μ = 4.704 mm-1. Intensity data were collected on a Rigaku R-AXIS 
RAPID II. The structure was solved by direct methods (Charge Flipping in PLATON) and refined by the 
full-matrix least-squares on F2 (SHELXL2014). A total of 20769 reflections were measured and 6392 
were independent. Final R1 = 0.0914, wR2 = 0.2027 (3172 r fs; I > 2σ(I)), nd GOF = 1.058 (for all data, 
R1 = 0.1456, wR2 = 0.2584).
3.79 Å










	 ペンタセン 131a、131b の極大吸収波長λmaxはそれぞれ 644 nm と 647 nm であり、6,13-ジ
フェニルペンタセン 15のλmaxと比較すると、40 nm 及び 43 nm の長波長シフトが観測された 
(表 2-11)。また、二つのシアノ基を有する 131 のλmaxと四つのシアノ基を有する 82b を比べ
ると、約 10 nm の長波長シフトが見られた。なお、ドナー・アクセプター型の置換様式であ
るペンタセン 131b は、push–pull 効果によるλmaxの長波長シフトを期待したが、ペンタセン
131a と比較してその長波長シフトはわずかであった。 
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鍵である。 
	 一般的に、ペンタセンのように高い平面性と豊富なπ電子を有する化合物は p 型半導体と
して利用されているが、ペンタセンにフッ素原子のような強力な電子求引性置換基を導入し、
LUMO の準位を調整すれば電子を輸送する n 型半導体特性を示す場合もある。例えば、ペン
タセンの水素原子がすべてフッ素原子で置換されたパーフルオロアセンが合成されているが、











を減らし、LUMO のエネルギー準位を下げることで n 型有機半導体としての性質が発現する。 










































µe = 4.95 x 10–3 cm2/Vs
µh = 3.49 x 10–2 cm2/Vs
µe = 0.105 cm2/Vs
µh = 7.18 x 10–2 cm2/Vs
µe = 3.35 x 10–2 cm2/Vs
µh = 9.64 x 10–2 cm2/Vs














































































































	 まず、サイクリックボルタンメトリー (CV) 測定により、テトラハロペンタセン 81a–81c











	 一段階目の酸化ピークより算出したペンタセン 81a、81b、及び 81cの HOMO のエネルギ
ー準位は、それぞれ–5,17 eV、–5.19 eV、及び–5.20 eV (Fc/Fc+ = 4.8 eV と仮定) であった (表
a Recorded E1/2 values vs Fc/Fc+ in CH2Cl2 with TBAPF6 as supporting electrolyte; Ag/AgNO3 as reference electrode;
glassy carbon as working electrode; Pt wire as counter electrode. b EHOMO = –(4.8 + Eox1/2) eV and ELUMO = –(4.8 + E1/2red) 





E gEChem (eV)EHOMO (eV)b
–5.17
–5.20
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3-1)。この HOMO のエネルギー準位と紫外可視吸収スペクトルの吸収端λmaxonset より求まる
HOMO–LUMO ギャップ Egoptに基づいて、ペンタセン 81a、81b、及び 81c の LUMO のエネ
ルギー準位を見積もると、–3.18 eV、–3.29 eV、–3.31 eV であった。なお、これらの LUMO
のエネルギー準位は、還元ピークより算出した値と同様の傾向を示した。以上の結果から、
HOMO のエネルギー準位に有意な差は見られなかったが、LUMO のエネルギー準位は、ペン























λedge = 622 nm





λedge = 651 nm
        (= 1.90 eV)
–5.20
–3.31
λedge = 656 nm


























	 次に、固体状態での分子間相互作用の大きさを見積もるため、ペンタセン 81aと 81bの結
晶構造を基に AM1 法を用いて HOMO と LUMO の移動積分を計算した (図 3-2、表 3-2)8。 
 
 
図 3-2. テトラフルオロペンタセン 81a (a) とテトラクロロペンタセン 81b (b) の結晶構造 
 




	 これらのペンタセンは 2 分子を一つのユニットとして積層しているが、軌道の重なりは積
層方向の c1、c2 のみで一次元的であった。HOMO の移動積分 t は、ペンタセン 81aでは c1 = 
48.2 meV、c2 = 16.8 meV であり、ペンタセン 81bの場合では c1 = 43.2 meV、c2 = 8.8 meV で
あった。一方、ペンタセン 81aの LUMO の移動積分 t は、c1 = 0.8 meV、c2 = 9.0 meV であり、
ペンタセン 81bでは、c1 = 9.4 meV、c2 = 8.4 meV となった (表 3-2)。 
	 81a の HOMO の移動積分値は、c1 が比較的大きな値であるのに対し、c2 では小さい値と
なった。この際、81bでは、c2 の移動積分値は 8.8 meV と 81aのそれよりも小さい値を示し
た。一方、ペンタセン 81aと 81bの LUMO の移動積分値は、c1、c2 共に小さい値となった。
ここで特筆すべき点は、ペンタセン 81a の c1 における LUMO の移動積分値が、0.8 meV と
極めて小さい値を示したことである。この理由は、c1 においてペンタセン同士の LUMO が効
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製した。その概略図を以下に示す (図 3-4)。SiO2 基板上に絶縁層としてテトラテトラコンタ
ン (n-C44H90、TTC)9 を膜厚 20 nm となるように製膜した後、各ペンタセン (81a、81b、81c) 
を真空蒸着することで 50 nmの薄膜を作製した。薄膜トランジスタのゲート電極には n型 Si、






	 薄膜構造は、XRD (out-of-plane) 測定と AFM による観察によって評価した。まず、ペンタ
セン 81aと 81bの XRD 測定の結果を図 3-5 に示す。テトラフルオロペンタセン 81aの XRD
のパターンは、TTC 10と活性層の回折ピークが観測された (図 3-5、a)。活性層の回折ピーク
は 7.4°と 14.8°であり、これらの角度からペンタセン 81aの結晶格子の面間隔 d が求まる。こ
の場合、d = 11.9 Å、6.0 Å となった。d = 11.9 Å は結晶格子の面間隔 b sinα sinγ = 12.1 Å と良
い一致を示したことから、基板に対して ac 面が平行となるように分子が配列していると示唆
される (図 3-5、b)。なお、回折ピーク 14.8°は、7.4°の 2 倍周期に相当する値である。テトラ
クロロペンタセン 81bの場合でも同様に、回折ピーク 7.1°と 14.2°に対応する d の値はそれぞ
れ 12.5 Å、6.3 Å であり、結晶格子の面間隔 b sinα sinγ = 12.4 Å (2 倍周期: 6.2 Å) と一致する 
(図 3-5、c)。従って、81b の場合も同様に、基板と ac 面が平行であると考えられる (図 3-5、
d)。なお、テトラブロモペンタセン 81cは良質な単結晶が得られていないため XRD 測定の解
析ができていないが、その結晶構造や薄膜での分子配列は、これら二つのペンタセンと類似
の傾向を示すと考えている。 
	 次に、AFM によって薄膜の表面観察を行った結果、各種ペンタセンの蒸着膜には数µm の









Electrode (Au), activelayer and TTC:
evaprated in 10–4 Pa
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	 ペンタセン 81a、81b、及び 81c の薄膜トランジスタの伝達特性および出力特性の真空下
での測定を行った。その結果をそれぞれ図 3-7、図 3-8 にそれぞれ示す。また、この結果より




図 3-7. テトラフルオロペンタセン 81aの p 型トランジスタの伝達特性 (a)と出力特性 (b)、
テトラブロモペンタセン 81cの p 型トランジスタの伝達特性 (c) と出力特性 (d) 
 
















Hole ElectronHole Electron Hole Electron
81a: F
2.3 x 10–4 3.0 3 x 1042.9 x 10–481c: Br
0.013 –4.8 3 x 1030.01681b: Cl 3.3 x 10–3 2 x 105586.4 x 10–3
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図 3-8. テトラクロロペンタセン 81bのアンバイポーラートランジスタの伝達特性 (a)、出力
特性 (VD < 0) (b)、および出力特性 (VD > 0) (c) 
 
	 テトラフルオロペンタセン 81aとテトラブロモペンタセン 81cの薄膜トランジスタは p 型
としてのみ動作し、その正孔移動度µaveはそれぞれµh = 4.4 x 10–5 cm2/Vs、µh = 2.3 x 10–4 cm2/Vs
を示した (図 3-7、表 3-3)。一方、テトラクロロペンタセン 81bの場合では、驚くべきことに
アンバイポーラー特性が観測された (図 3-8)。この際、移動度µaveは µh = 0.013 cm2/Vs とµe = 
3.3 x 10–3 cm2/Vs であり、正孔移動度が電子移動度よりも一桁程高い値であった。この理由の
一つとして、Au 電極の仕事関数 (5.1 eV) に対して、81bの HOMO (5.19 eV) への正孔注入障
壁よりも LUMO (3.29 eV) への電子注入障壁が高いことが挙げられる。また、81bが最も高
い正孔移動度を示したことは、ペンタセン 81a と 81b の HOMO の移動積分 t に大きな差が
見られなかったことから、AFM で観察された膜質の良さに由来すると考えられる。 
	 ペンタセン 81aと 81cは、テトラクロロペンタセン 81bと同等の狭い HOMO–LUMO ギャ
ップを有するため、アンバイポーラー特性を示す可能性が十分にある 11。しかし、81a が実
際に n 型特性を示さなかったのは、c1 の LUMO の移動積分値が小さいことから、電子の伝導
が断絶されているためであると推定している。なお、81c が両極性動作を示さなかった理由
に関する知見は得られていないため、今後の検討が必要である。 
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General Experimental Procedures 
 
     All experiments dealing with air- and moisture-sensitive compounds were conducted under an 
atmosphere of dry argon.  Toluene (anhydrous; Wako Pure Chemical Industries, Ltd.), THF 
(anhydrous; Wako Pure Chemical Industries, Ltd.) and chlorobenzene (anhydrous; Sigma-Aldrich Co. 
LLC) were used as received.  
     For thin-layer chromatography (TLC) analysis, Merck pre-coated plates (silica gel 60 F254, Art 
5715, 0.25 mm) were used.  For flash column chromatography, silica gel 60 N (spherical, neutral, 
63–210 μm) from Kanto Chemical was used.  Silica gel preparative TLC (PTLC) was performed on 
Merck silica gel 60 GF254 (Art 7730) and Merck silica gel 60 PF254 (Art 7749).  
     1H NMR and 13C NMR were measured on a JEOL JNM ECA-300, a JEOL JNM ECA-400, a 
JEOL JNM ECX-500II, or a JEOL JNM ECZ-500R spectrometer.  Chemical shifts (δ) are expressed 
in parts per million (ppm) downfield from internal standard (tetramethylsilane, 0.00 ppm) in CDCl3 or 
relative to internal acetone (1H NMR: 2.03 ppm, 13C NMR: 29.8 ppm) in acetone-d6, and coupling 
constants are reported as hertz (Hz).  Splitting patterns are indicated as follows; br, broad; s, singlet; 
d, doublet; t, triplet; q, quartet; m, multiplet.  Attenuated Total Reflectance Fourier Transformation 
Infrared (ATR-FTIR) spectra were recorded on a JASCO FT/IR-4200 infrared spectrometer.  UV-Vis 
spectra were recorded on a JASCO V-630 spectrophotometer.  High resolution mass spectra were 
obtained with a JEOL The AccuTOF LC-plus JMS-T100LP, a JEOL SpiralTOF JMS-S3000, or a 
JEOL JMS 700 spectrometer.  Melting points (Mp) were measured on a Yanako MP-S3 instrument 























Synthesis of Dimethyl 4,5-dibromophthalate (18): 
To a solution of 4,5-dibromophthalic acid (i)1 (5.12 g, 15.8 mmol) in MeOH (27 mL) and trimethyl 
orthoformate (26 mL) was added conc. H2SO4 (2.30 mL, 43.1 mmol) at room temperature, and the 
reaction was refluxed. After 8 h, the reaction was stopped by adding sat. aq. NaHCO3. The products 
were extracted with EtOAc (X3), and the combined organic extracts were washed with brine, dried 
(Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (EtOAc) to give dimethyl 4,5-dibromophthalate (18) (5.42 g, 97.5%). 
Recrystallization from hexane/EtOAc gave 18 as colorless prisms. 
 
 
dimethyl 4,5-bromophthalate (18) 
Mp 78.5–79.4 °C; 
1H NMR (CDCl3, δ) 3.91 (m, 6H), 7.80 (s, 1H), 7.97 (s, 2H); 
13C NMR (CDCl3, δ) 53.1, 128.2, 131.9, 133.9, 166.0; 
IR (ATR) 3012, 2960, 2847, 1731, 1582, 1541, 1433, 1351, 1274, 1218, 1128, 1080, 973, 907, 866, 
819, 781, 747 cm–1; 
HRMS (DART) m/z 350.8872 (350.8868 calcd for C10H9Br2O4, [M+H]+). 
 
Synthesis of methyl 4,5-dibromo-2-formylbenzoate (19): 
To a solution of dimethyl phthalate 18 (3.57 g, 10.1 mmol) in THF (20 mL) was added SDBBA2 (0.5 
M in THF, 28.5 mL, 14.3 mmol) at 0 °C. After 20 min, the reaction was stopped by adding 2 M aq. 
HCl. The products were extracted with EtOAc (X3), and the combined organic extracts were washed 
with sat. aq. NaHCO3 and brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified 
by silica-gel flash column chromatography (hexane/EtOAc = 9/1) to give methyl 
                                                
1 X. Wang, Y. Zhang, X. Sun, Y. Bian, C. Ma, J. Jiang, Inorg. Chem. 2007, 46, 7136. 
2 Sodium diisobutyl-tert-butoxyaluminum (SDBBA) was prepared as follows: to a solution of sodium 
tert-butoxide (2.05 g, 21.3 mmol) in THF (20 mL) was added diisobutylaluminum hydride (1.0 M in hexane, 









































4,5-dibromo-2-formylbenzoate (19) (2.91 g, 89.5%). Sublimation gave 19 as colorless needles. 
 
 
methyl 4,5-dibromo-2-formylbenzoate (19) 
Mp 81.6–82.6 °C; 
1H NMR (CDCl3, δ) 3.99 (s, 3H), 8.17 (s, 1H), 8.26 (s, 1H), 10.6 (s, 1H); 
13C NMR (CDCl3, δ) 53.2, 130.4, 131.2, 133.5, 135.7, 136.5, 164.8, 189.9; 
IR (ATR) 3091, 2956, 2909, 2836, 1707, 1692, 1570, 1542, 1426, 1290, 1271, 1168, 1095, 966, 893, 
833, 779  cm–1; 
HRMS (DART) m/z 320.8760 (320.8739 calcd for C9H7Br2O3, [M+H]+). 
 
Synthesis of 5,6-dibromo-1,3-diphenylisobenzofuran (16c): 
To a solution of methyl 2-formylbenzoate 19 (1.67 g, 5.19 mmol) in THF (17 mL) was added 
phenylmagnesium bromide (1.1 M in THF, 15.0 mL, 16 mmol) at –40 °C. After being warmed up to 
0 °C, CF3CO2H (2.98 g, 26.1 mmol) was added to the mixture at same temperature, and the reaction 
stirred for further 20 min. The reaction was stopped by adding sat. aq. NaHCO3 at 0°C, and the 
products were extracted with CH2Cl2 (X3), washed with brine, dried (Na2SO4), and concentrated in 
vacuo. Trituration of the crude products with Et2O at –78 °C gave 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (1.82 g, 81.9%). Recrystallization from hexane/CHCl3 




Mp 250.2–250.6 °C; 
1H NMR (CDCl3, δ) 7.30–7.35 (m, 2H), 7.45–7.50 (m, 4H), 7.81–7.85 (m, 4H), 8.13 (s, 2H); 
13C NMR (CDCl3, δ) 121.2, 124.4, 124.9, 127.7, 129.1, 130.6, 143.7; 
IR (ATR) 3057, 3022, 1598, 1522, 1492, 1481, 1443, 1425, 1338, 1279, 1254, 1179, 1064, 1028, 975, 
955, 899, 856, 753 cm–1; 
HRMS (ESI) m/z 466.8889 (466.8873 calcd for C20H12Br2KO [M+K]+) 
 
Synthesis of 5,6-dibromo-1,3-di(4-tert-butylphenyl)isobenzofuran (16d): 
According to the procedure described for the synthesis of 16c, methyl 2-formylbenzoate 19 (2.07 g, 5 
6.43 mmol), 4-tert-butylphenylmagnesium bromide (1.0 M in THF, 19.0 mL, 19 mmol) and CF3CO2H 
(3.72 g, 32.6 mmol) gave, after purified by trituration of the crude products with MeOH at –78 °C, 
5,6-dibromo-1,3-di(4-tert-butylphenyl)isobenzofuran (16d) (3.11 g, 89.6%). Recrystallization from 













Mp 225.5–256.3 °C; 
1H NMR (CDCl3, δ) 1.38 (s, 18H), 7.52 (d, 4H, J = 8.6 Hz), 7.78 (d, 4H, J = 8.6 Hz), 8.14 (s, 2H); 
13C NMR (CDCl3, δ) 31.2, 34.8, 120.75, 120.83, 124.5, 124.7, 126.0, 128.0, 143.7, 150.8; 
IR (ATR) 3046, 2959, 2899, 2866, 1609, 1531, 1461, 1409, 1362, 1268, 1200, 1107, 1071, 1023, 979, 
957, 850, 831, 790, 770 cm–1; 







Synthesis of dimethyl 4,5-dichlorophthalate (ii): 
According to the procedure described for the synthesis of 18, phthalic acid 20 (5.00 g, 21.3 mmol) 
and conc. H2SO4 (2.30 mL, 43.1 mmol) gave, after purified by silica-gel flash column chromatography 
(EtOAc) to give dimethyl 4,5-dichlorophthalate (ii) (5.60 g, quant.) as white solids.  
 
 
dimethyl 4,5-chlorophthalate (ii) 
Mp 46.1–46.8 °C; 
1H NMR (CDCl3, δ) 3.92 (m, 6H), 7.82 (s, 2H); 
13C NMR (CDCl3, δ) 53.1, 130.9, 131.3, 135.8, 166.1; 
IR (ATR) 3003, 2953, 2844, 1729, 1591, 1554, 1433, 1357, 1289, 1195, 1121, 1088, 965, 884, 828, 
784, 757 cm–1; 



































Synthesis of methyl 4,5-dichloro-2-formylbenzoate (iii): 
According to the procedure described for the synthesis of 19, dimethyl phthalate ii (5.60 g, 21.3 
mmol) and SDBBA (0.5 M in THF, 51.0 mL, 25.5 mmol) gave, after purified by silica-gel flash 
column chromatography (hexane/EtOAc = 9/1) to give methyl 4,5-dichloro-2-formylbenzoate (iii) 
(4.23 g, 85.4%) as white solids. Sublimation gave iii as colorless needles. 
 
 
methyl 4,5-dichloro-2-formylbenzoate (iii) 
Mp 64.4–64.8 °C; 
1H NMR (CDCl3, δ) 4.00 (s, 3H), 8.03 (s, 1H), 8.11 (s, 1H), 10.6 (s, 1H); 
13C NMR (CDCl3, δ) 53.2, 130.4, 130.7, 132.7, 136.2, 137.7, 137.8, 164.8, 189.8; 
IR (ATR) 3087, 3017, 2958, 2896, 1696, 1581, 1551, 1433, 1294, 1274, 1175, 1097, 964, 924, 839, 
781, 744  cm–1; 
HRMS (DART) m/z 232.9778 (232.9772 calcd for C9H7Cl2O3, [M+H]+). 
 
Synthesis of 5,6-dichloro-1,3-diphenylisobenzofuran (16b): 
According to the procedure described for the synthesis of 16c, methyl 2-formylbenzoate iii (1.22 g, 
5.24 mmol), phenylmagnesium bromide (1.1 M in THF, 15.0 mL, 16 mmol) and CF3CO2H (2.98 g, 
26.1 mmol) gave, after purified by trituration of the crude products with Et2O at –78 °C, 
5,6-dichloro-1,3-diphenylisobenzofuran (16b) (1.57 g, 88.4%). Recrystallization from hexane/CHCl3 




Mp 231.7–232.2 °C; 
1H NMR (CDCl3, δ) 7.34 (dd, 2H, J1 = J2 = 7.6 Hz), 7.50 (dd, 4H, J1 = J2 = 7.6 Hz), 7.87 (d, 4H, J = 
7.6 Hz), 7.97 (s, 2H); 
13C NMR (CDCl3, δ) 120.4, 120.9, 124.9, 127.7, 129.1, 129.7, 130.7, 143.9; 
IR (ATR) 3057, 1600, 1529, 1484, 1444, 1341, 1195, 1145, 1094, 1065, 982, 899, 856, 808, 782, 754 
cm–1; 


























Synthesis of 1-bromo-2-chloro-4,5-dimethylbenzene (17b): 
To a mixture of 1-chloro-3,4-dimethylbenzene (iv) (25.1 g, 179 mmol) and two grains of iodoine was 
added bromine (34.3 g, 215 mmol) at 0 °C. After 2 h, the reaction mixture diluted with 2 M aq. KOH 
at same temperature. The products were extracted with Et2O (X3), and the combined organic extracts 
were washed with brine, dried (Na2SO4), and concentrated in vacuo. The filtration was washed by 
haxane (X3) at –78 °C to give essentially pure 1-bromo-2-chloro-4,5-dimethylbenzene (17b) (28.8 g, 




Mp 74.1–74.6 °C; 
1H NMR (CDCl3, δ) 2.19 (s, 3H), 2.20 (s, 3H), 7.21 (s, 1H), 7.36 (s, 1H); 
13C NMR (CDCl3, δ) 19.0, 19.2, 118.7, 131.0, 134.2, 136.9, 137.4; 
IR (ATR) 3044, 2978, 2921, 2857, 1590, 1469, 1444, 1382, 1349, 1161, 1123, 1020, 993, 912, 875 
cm–1; 
HRMS (DART) m/z 217.9508 (217.9498 calcd for C8H8BrCl, M+). 
 
Synthesis of 4-bromo-5-chlorophthalic acid (v): 
A mixture of o-xylene 17b (8.50 g, 38.7 mmol) and KMnO4 (30.8 g, 195 mmol) in H2O (300 mL) was 
refluxed for 20 h. After being cooled to room temperature, the reaction was stopped by adding 
NaHSO3 followed by aq. KOH. The mixture was filtered through a Büchner funnel and the filtrate was 
acidified by adding 12 M HCl. The filtration was washed by haxane (X3) to give essentially pure 
4-bromo-5-chlorophthalic acid (v) (8.60 g, 79.6%) as white solids. Recrystallization from 
hexane/acetone gave v as white solids. 
 
 
4-bromo-5-chlorophthalic acid (v) 
Mp decomposed at 300 °C; 
1H NMR (acetone-d6, δ) 7.91 (s, 1H), 8.08 (s, 1H); 
13C NMR (acetone-d6, δ) 125.2, 131.2, 133.5, 134.4, 134.9, 137.4, 166.7, 166.9; 














































HRMS (DART) m/z 278.9063 (278.9060 calcd for C8H5BrClO4, [M+H]+). 
 
Synthesis of Dimethyl 4-bromo-5-chlorophthalate (vi): 
According to the procedure described for the synthesis of 18, phthalic acid v (3.95 g, 14.1 mmol) and 
conc. H2SO4 (2.00 mL, 37.5 mmol) gave, after purified by silica-gel flash column chromatography 
(EtOAc) to give dimethyl 4-bromo-5-chlorophthalate (vi) (4.27 g, 98.6%). Recrystallization from 
hexane gave vi as colorless prisms. 
 
 
dimethyl 4-bromo-5-chlorophthalate (vi) 
Mp 45.4–45.9 °C; 
1H NMR (CDCl3, δ) 3.91 (m, 6H), 7.80 (s, 1H), 7.99 (s, 1H); 
13C NMR (CDCl3, δ) 53.1, 125.7, 130.6, 131.2, 132.1, 134.2, 137.9, 165.9, 166.1; 
IR (ATR) 3014, 2961, 2850, 1731, 1588, 1544, 1434, 1356, 1275, 1222, 1121, 1083, 972, 909, 876, 
820, 784, 753 cm–1; 
HRMS (ESI) m/z 306.9376 (306.9373 calcd for C10H9BrClO4, [M+H]+). 
 
Synthesis of methyl 4-bromo-5-chloro-2-formylbenzoate (vii): 
According to the procedure described for the synthesis of 19, dimethyl phthalate vi (3.89 g, 12.6 
mmol) and SDBBA (0.5 M in THF, 39.0 mL, 19.5 mmol) gave, after purified by silica-gel flash 
column chromatography (hexane/EtOAc = 9/1) to give methyl 2-formylbenzoate (2.65 g, 75.8%, 
vii/viii = 50/50) as a mixture of regioisomers. 
 
 
methyl 2-formylbenzoate vii and viii 
1H NMR (CDCl3, δ) 3.99 (s, 6H), 8.00 (s, 1H), 8.08 (s, 1H), 8.20 (s, 1H), 8.28 (s, 1H), 10.59 (s, 1H), 
10.60 (s, 1H); 
13C NMR (CDCl3, δ) 53.2, 128.0, 130.0, 130.6, 131.4, 132.3, 133.8, 136.0, 136.8, 139.8, 139.9, 164.7, 
164.9, 189.7, 190.0; 
IR (ATR) 3093, 3023, 2960, 2911, 1712, 1693, 1577, 1547, 1433, 1290, 1273, 1195, 1171, 1095, 960, 
916, 903, 837, 780  cm–1; 
HRMS (DART) m/z 276.9267 (276.9267 calcd for C9H7BrClO3, [M+H]+). 
 
Synthesis of 5-bromo-6-chloro-1,3-diphenylisobenzofuran (21): 
According to the procedure described for the synthesis of 16c, methyl 2-formylbenzoate vii and viii 
(2.46 g, 8.86 mmol), phenylmagnesium bromide (1.0 M in THF, 26.0 mL, 26 mmol) and CF3CO2H 
(5.06 g, 44.4 mmol) gave, after purified by trituration of the crude products with Et2O at –78 °C, 
5-bromo-6-chloro-1,3-diphenylisobenzofuran (21) (2.73 g, 80.4%). Recrystallization from 













Mp 169.3–170.0 °C; 
1H NMR (CDCl3, δ) 7.30–7.38 (m, 2H), 7.47–7.53 (m, 4H), 7.84–7.89 (m, 4H), 7.96 (s, 1H), 8.18 (s, 
1H); 
13C NMR (CDCl3, δ) 119.7, 120.5, 120.7, 121.0, 124.8, 124.88, 124.92, 127.69, 127.74, 129.1, 130.6, 
130.8; 
IR (ATR) 3059, 1599, 1524, 1484, 1443, 1339, 1173, 1065, 967, 900, 856, 797, 753 cm–1; 







Synthesis of 5-bromo-1,3-diphenylisobenzofuran (22)1: 
According to the procedure described for the synthesis of 16c, methyl 2-formylbenzoate 26 (3.88 g, 
16.0 mmol), phenylmagnesium bromide (1.0 M in THF, 48.0 mL, 48 mmol) and CF3CO2H (11.0 g, 
96.5 mmol) gave, after purified by trituration of the crude products with Et2O at –78 °C, 
5-bromo-1,3-diphenylisobenzofuran (22) (4.25 g, 76.3%). Recrystallization from MeOH/CHCl3 gave 




Mp 100.6–101.0 °C; 
1H NMR (CDCl3, δ) 7.05 (dd, 1H, J1 = 1.5 Hz, J2 = 9.4 Hz), 7.29–7.35 (m, 2H), 7.46–7.52 (m, 4H), 
7.71 (dd, 1H, J1 = 0.82 Hz, J2 = 9.4 Hz), 7.86–7.92 (m, 4H), 8.01 (dd, 1H, J1 = 0.82 Hz, J2 = 1.5 Hz); 
13C NMR (CDCl3, δ) 119.2, 121.8, 122.1, 122.7, 124.8, 125.0, 127.3, 127.4, 128.7, 129.02, 129.04, 
131.06, 131.09, 143.3, 144.6; 
IR (ATR) 3057, 1597, 1535, 1489, 1445, 1348, 1254, 1176, 1069, 974, 944, 903, 852, 786, 772, 756, 
741 cm–1; 
HRMS (DART) m/z 349.0243 (349.0228 calcd for C20H14BrO, [M+H]+). 
 
 
                                                


























The typical procedure for [4+2] cycloadditions of aryne and isobenzofuran; 
Synthesis of cycloadduct 28:   To a mixture of 1,2-dibromobenzene (27) (273 mg, 1.16 mmol) and 
isobenzofuran 14 (264 mg, 0.957 mmol) in toluene (2.0 mL) was added n-BuLi (1.63 M in n-hexane, 
0.64 mL, 1.0 mmol) at −15 °C, and the reaction was warmed up to 25 °C. After 5 min, the reaction was 
stopped by adding water. The products were extracted with EtOAc (×3), and the combined organic 
extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by 
PTLC (hexane/EtOAc = 8/2) to give cycloadduct 28 (59.8 mg, 17.8%) as a white solid and cycloadduct 
33 (111 mg, 24.8%) as a mixture of diastereomers. Those diastereomers were separated by PTLC 
(hexane/CH2Cl2 = 4/6) to give less polar 33 and more polar 33. 
 
Synthesis of cycloadduct 28: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, 1,2-dibromobenzene 27 (372 mg, 1.58 mmol), isobenzofuran 14 (87.1 mg, 0.316 
mmol) and n-BuLi (1.60 M in n-hexane, 0.20 mL, 0.32 mmol) gave, after purified by PTLC 
(hexane/EtOAc = 8/2), cycloadduct 28 (44.5 mg, 42.6%) as a white solid and cycloadduct 33 (5.8 mg, 




Mp 208.5–209.1 °C (hexane/CHCl3); 
1H-NMR (CDCl3, δ) 6.01 (s, 2H), 7.06 (dd, 2H, J1 = 3.1 Hz, J2 = 5.2 Hz), 7.33 (dd, 2H, J1 = 3.1 Hz, J2 
= 5.2 Hz), 7.55 (s, 2H); 
13C-NMR (CDCl3, δ) 82.0, 120.7, 121.6, 125.7, 126.5, 146.9, 149.2; 
IR (ATR) 3027, 1569, 1459, 1259, 1085, 953, 832, 762 cm−1; 
HRMS (FAB) m/z 351.8925 (351.8922 calcd for C14H8Br2O, M+). 
 
 
cycloadduct 33 (less polar)  
Rf 0.30 (hexane/CH2Cl2 = 4/6); 
Mp decomposed at 300 °C; 
Br
Br














27: 1 equiv, 14: 1 equiv










1H-NMR (CDCl3, δ) 5.90 (s, 2H), 5.95 (s, 2H), 7.00 (dd, 2H, J1 = 3.1 Hz, J2 = 5.5 Hz), 7.29 (dd, 2H, J1 = 
3.1 Hz, J2 = 5.5 Hz), 7.31 (s, 2H), 7.53 (s, 2H); 
13C-NMR (CDCl3, δ) 81.9, 82.4, 114.2, 120.4, 121.6, 125.6, 126.0, 146.1, 147.8, 148.1, 149.2; 
IR (ATR) 3016, 1569, 1457, 1265, 1085, 949, 832, 772 cm−1; 
HRMS (FAB) m/z 468.9262 (468.9263 calcd for C22H13Br2O2, [M+H]+). 
 
cycloadduct 33 (more polar) 
Rf 0.13 (hexane/CH2Cl2 = 4/6); 
Mp decomposed at 300 °C; 
1H-NMR (CDCl3, δ) 5.90 (s, 2H), 5.96 (s, 2H), 6.97 (dd, 2H, J1 = 3.1 Hz, J2 = 5.2 Hz), 7.27 (dd, 2H, J1 
= 3.1 Hz, J2 = 5.2 Hz), 7.29 (s, 2H), 7.46 (s, 2H); 
13C-NMR (CDCl3, δ) 82.0, 82.5, 113.9, 120.5, 121.5, 125.6, 125.9, 146.0, 147.9, 149.2; 
IR (ATR) 3010, 1573, 1457, 1271, 1086, 952, 836, 754 cm−1; 







Synthesis of cycloadduct 44: 
To a mixture of 1,2-dibromo-4,5-difluorobenzene (43a) (178 mg, 0.655 mmol) and 
dibromoisobenzofuran 14 (219 mg, 0.794 mmol) in toluene (2.0 mL) was added PhLi (1.06 M in 
cyclohexane–Et2O, 0.67 mL, 0.71 mmol) at –15 ºC. After being warmed to room temperature and 
stirred for 5 min, the reaction was stopped by adding water. The products were extracted with EtOAc 
(X3), and the combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in 
vacuo. The residue was purified by silica-gel flash column chromatography (hexane/acetone/EtOAc = 
85/10/5) to give cycloadduct 44 (168 mg, 66.1%) as white solids. Recrystallization from 




Mp 226.8–227.8 °C; 
1H NMR (CDCl3, δ) 5.99 (s, 2H), 7.17 (dd, 2H, J1 = J2 = 7.6 Hz), 7.56 (s, 2H); 
13C NMR (CDCl3, δ) 81.7, 111.2 (dd, J1 = 8.6 Hz, J2 = 13.0 Hz), 122.1, 125.8, 143.1 (dd, J1 = J2 = 4.4 
Hz), 148.4 (dd, J1 = 15.2 Hz, J2 = 250.7 Hz), 148.5; 
IR (ATR) 3068, 1620, 1474, 1434, 1359, 1305, 1270, 1255, 1229, 1186, 1167, 1084, 1042, 959, 939, 
882, 866, 840, 826, 766 cm–1; 































Synthesis of cycloadduct 45a: 
To a mixture of 1,2-dibromo-4,5-difluorobenzene (43a) (47.2 mg, 0.174 mmol) and 
dibromoisobenzofuran 16c (86.2 mg, 0.201 mmol) in chlorobenzene (3.0 mL) was added n-BuLi 
(1.62 M in n-hexane, 0.11 mL, 0.18 mmol) at –15 ºC. After being warmed to room temperature and 
stirred for 5 min, the reaction was stopped by adding water. The products were extracted with EtOAc 
(X3), and the combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in 
vacuo. The residue was purified by PTLC (hexane/CH2Cl2 = 75/25) to give cycloadduct 45a (71.3 mg, 




Mp 169.4–170.4 °C; 
1H NMR (CDCl3, δ) 7.18 (dd, 2H, J1 = J2 = 7.8 Hz), 7.50–7.56 (m, 4H), 7.62 (dd, 4H, J1 = J2 = 7.3 Hz), 
7.81 (d, 4H, J = 7.3 Hz); 
13C NMR (CDCl3, δ) 90.0, 111.2 (dd, J1 = 8.2 Hz, J2 = 13.9 Hz), 122.2, 125.8, 126.2, 129.0, 129.2, 
133.1, 145.7 (dd, J1 = J2 = 4.3 Hz), 148.4 (dd, J1 = 14.9 Hz, J2 = 250.6 Hz), 151.0; 
IR (ATR) 3068, 1614, 1475, 1428, 1360, 1346, 1299, 1242, 1182, 1144, 1057, 984, 849, 802, 782, 745 
cm–1; 
HRMS (DART) m/z 538.9453 (538.9458 calcd for C26H15Br2F2O [M+H]+). 
 
Synthesis of cycloadduct 45b: 
To a mixture of 1,2-dibromo-4,5-difluorobenzene (43b) (67.8 mg, 0.222 mmol) and 
dibromoisobenzofuran 16c (99.9 mg, 0.233 mmol) in toluene (2.5 mL) was added n-BuLi (1.59 M in 
n-hexane, 0.18 mL, 0.29 mmol) at –15 ºC. After being warmed to room temperature and stirred for 5 
min, the reaction was stopped by adding water. The products were extracted with EtOAc (X3), and the 
combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The 
residue was purified by PTLC (hexane/CH2Cl2/Et2O = 85/10/5) to give cycloadduct 45a (78.9 mg, 








































Mp 278.7–279.4 °C; 
1H NMR (CDCl3, δ) 7.40 (s, 2H), 7.55 (dd, 2H, J1 = J2 = 7.5 Hz), 7.56 (s, 2H), 7.63 (dd, 4H, J1 = J2 = 
7.5 Hz), 7.80–7.84 (m, 4H); 
13C NMR (CDCl3, δ) 89.9, 122.5, 123.0, 125.9, 126.3, 129.1, 129.2, 130.4, 133.0, 149.4, 150.5; 
IR (ATR) 3033, 2962, 1607, 1541, 1497, 1448, 1419, 1362, 1342, 1288, 1261, 1147, 1107, 983, 885, 
868, 813, 791, 750 cm–1; 
HRMS (DART) m/z 570.8887 (570.8867 calcd for C26H15Br2Cl2O [M+H]+). 
 
Synthesis of cycloadduct 45c: 
To a mixture of 1,2-dibromo-4,5-difluorobenzene (43c) (130 mg, 0.330 mmol) and 
dibromoisobenzofuran 16c (158 mg, 0.369 mmol) in toluene (2.0 mL) was added n-BuLi (1.62 M in 
n-hexane, 0.24 mL, 0.39 mmol) at –15 ºC. After being warmed to room temperature and stirred for 5 
min, the reaction was stopped by adding water. The products were extracted with EtOAc (X3), and the 
combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The 
residue was purified by silica-gel flash column chromatography (hexane/CHCl3 = 8/2) to give 





Mp 268.2–268.5 °C; 
1H NMR (CDCl3, δ) 7.52–7.57 (m, 6H), 7.61–7.65 (m, 4H), 7.80–7.83 (m, 4H); 
13C NMR (CDCl3, δ) 89.9, 122.5, 126.0, 126.3, 129.1, 129.2, 132.9, 150.4; 
IR (ATR) 3033, 1571, 1499, 1448, 1415, 1353, 1285, 1214, 1145, 1089, 984, 887, 866, 797, 747 cm–1; 







Synthesis of cycloadduct 48: 
To a mixture of cycloadduct 44 (96.7 mg, 0.249 mmol) and furan (47) (45.7 mg, 0.671 mmol) in 
toluene (4.0 mL) was added n-BuLi (1.65 M in n-hexane, 0.17 mL, 0.28 mmol) at –15 ºC. After being 
warmed to 25 ºC and stirred for 10 min, the reaction was stopped by adding water. The products were 
extracted with EtOAc (X3), and the combined organic extracts were washed with brine, dried 
(Na2SO4), and concentrated in vacuo. The residue was purified by PTLC (hexane/acetone = 6/4) to 
give cycloadduct 48 (58.5 mg, 79.1%, less polar 48/more polar 48 = 51/49) as a mixture of 


























X3) to afford less polar 48 and more polar 48.  
 
 
cycloadduct 48 (less polar) 
Rf 0.36 (hexane/toluene/CH2Cl2/Et2O = 5/2/2/1, X3); 
Mp 233.0–233.8 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 5.62 (s, 2H), 5.94 (s, 2H), 7.03 (s, 2H), 7.11 (dd, 2H, J1 = J2 = 7.9 Hz), 7.25 (s, 
2H); 
13C NMR (CDCl3, δ) 82.3, 110.7 (dd, J1 = 8.7 Hz, J2 = 13.0 Hz), 114.0, 143.3, 144.5 (dd, J1 = J2 = 4.3 
Hz), 146.1, 147.8 (dd, J1 = 15.2 Hz, J2 = 249.3 Hz), 149.0; 
IR (ATR) 3014, 1619, 1473, 1443, 1361, 1328, 1280, 1259, 1227, 1193, 1149, 1042, 977, 945, 939, 
911, 866, 848, 833, 766, 735 cm–1; 
HRMS (FAB) m/z 297.0727 (297.0727 calcd for C18H11F2O2 [M+H]+). 
 
cycloadduct 48 (more polar) 
Rf 0. 24 (hexane/toluene/CH2Cl2/Et2O = 5/2/2/1, X3); 
Mp 239.1–239.5 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 5.61 (s, 2H), 5.90 (s, 2H), 6.95 (s, 2H), 7.13 (dd, 2H, J1 = J2 = 7.9 Hz), 7.21 (s, 
2H); 
13C NMR (CDCl3, δ) 82.4, 110.7 (dd, J1 = 8.7, J2 = 13.0 Hz), 113.8, 143.3, 144.8 (dd, J1 = J2 = 4.3 Hz), 
146.1, 148.1 (dd, J1 = 15.2 Hz, J2 = 249.3 Hz), 149.2; 
IR (ATR) 3002, 1620, 1474, 1439, 1362, 1327, 1271, 1258, 1227, 1192, 1150, 1142, 1043, 978, 911, 
871, 850, 841, 827, 766, 739 cm–1; 







Synthesis of cycloadduct 49a: 
To a mixture of cycloadduct 45a (120 mg, 0.222 mmol) and furan (47) (150 mg, 2.2 mmol) in toluene 
(5.5 mL) was added n-BuLi (1.54 M in n-hexane, 0.17 mL, 0.26 mmol) at –15 ºC. After being warmed 
to 25 ºC and stirred for 10 min, the reaction was stopped by adding water. The products were extracted 
with EtOAc (X3), and the combined organic extracts were washed with brine, dried (Na2SO4), and 
concentrated in vacuo. The residue was purified by silica-gel flash column chromatography 
(hexane/CH2Cl2/Et2O = 80/15/5) to give cycloadduct 49a as a mixture of diastereomers (82.6 mg, 
82.9%, less polar 49a/more polar 49a = 48/52). Those diastereomers were separated by PTLC 

























cycloadduct 49a (less polar) 
Rf 0.47 (hexane/toluene/CH2Cl2/Et2O = 70/10/25/5, X2); 
Mp 264.8–265.5 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.62 (s, 2H), 6.93 (s, 2H), 7.14 (dd, 2H, J1 = J2 = 7.9 Hz), 7.28 (s, 2H), 7.51 (dd, 
2H, J1 = J2 = 7.5 Hz), 7.60 (dd, 4H, J1 = J2 = 7.5 Hz), 7.83–7.86 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.3, 110.7 (dd, J1 = 7.2, J2 = 14.5 Hz), 113.9, 126.4, 128.6, 129.0, 134.2, 
143.2, 146.9 (dd, J1 = J2 = 3.6 Hz), 147.8 (dd, J1 = 15.7 Hz, J2 = 248.7 Hz), 148.3, 148.7; 
IR (ATR) 3006, 1620, 1474, 1441, 1366, 1312, 1280, 1240, 1176, 1127, 1059, 989, 849, 780, 752, 695 
cm–1; 
HRMS (ESI) m/z 471.1176 (471.1173 calcd for C30H18F2NaO2 [M+Na]+). 
 
cycloadduct 49a (more polar) 
Rf 0.43 (hexane/toluene/CH2Cl2/Et2O = 70/10/25/5, X2); 
Mp 133.7–134.6 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 5.59 (s, 2H), 7.00 (s, 2H), 7.14 (dd, 2H, J1 = J2 = 7.9 Hz), 7.25 (s, 2H), 7.51 (dd, 
2H, J1 = J2 = 7.5 Hz), 7.60 (dd, 4H, J1 = J2 = 7.5 Hz), 7.82–7.85 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.3, 110.7 (dd, J1 = 7.2, J2 = 14.5 Hz), 113.7, 126.4, 128.6, 129.0, 134.2, 
143.3, 147.1 (dd, J1 = J2 = 4.2 Hz), 147.8 (dd, J1 = 15.7 Hz, J2 = 248.7 Hz), 148.3, 148.8; 
IR (ATR) 3011, 1620, 1473, 1449, 1363, 1308, 1244, 1179, 1125, 1056, 989, 849, 748, 704 cm–1; 
HRMS (ESI) m/z 471.1181 (471.1173 calcd for C30H18F2NaO2 [M+Na]+). 
 
Synthesis of cycloadduct 49b: 
According to the procedure described for the synthesis of 49a, cycloadduct 45b (600 mg, 1.05 mmol), 
furan (47) (360 mg, 5.2 mmol) and n-BuLi (1.54 M in n-hexane, 0.82 mL, 1.3 mmol) gave, after 
purified by silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 80/15/5), cycloadduct 49b 
as a mixture of diastereomers (346 mg, 68.5%, less polar 49b/more polar 49b = 43/57). Those 
diastereomers were separated by PTLC (hexane/toluene/CH2Cl2/Et2O = 50/10/35/5, X2) to afford less 
polar 49b and more polar 49b. 
 
 
cycloadduct 49b (less polar) 
Rf 0.55 (hexane/toluene/CH2Cl2/Et2O = 50/10/35/5, X2); 
Mp decomposed at 260 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.62 (s, 2H), 6.93 (s, 2H), 7.29 (s, 2H), 7.36 (s, 2H), 7.51 (dd, 2H, J1 = J2 = 7.5 
Hz), 7.61 (dd, 4H, J1 = J2 = 7.5 Hz), 7.83–7.86 (m, 4H); 
13C NMR (CDCl3, δ) 82.2, 90.2, 114.0, 122.4, 126.4, 128.7, 129.0, 129.4, 133.9, 143.2, 147.8, 149.0, 
150.8; 














HRMS (ESI) m/z 503.0571 (503.0582 calcd for C30H18Cl2NaO2 [M+Na]+). 
 
cycloadduct 49b (more polar) 
Rf 0.49 (hexane/toluene/CH2Cl2/Et2O = 50/10/35/5, X2); 
Mp decomposed at 250 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.58 (s, 2H), 6.99 (s, 2H), 7.25 (s, 2H), 7.36 (s, 2H), 7.51 (dd, 2H, J1 = J2 = 7.5 
Hz), 7.60 (dd, 4H, J1 = J2 = 7.5 Hz), 7.81–7.85 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.2, 113.8, 122.5, 126.4, 128.7, 129.0, 129.3, 133.9, 143.3, 147.8, 149.0, 
151.0; 
IR (ATR) 3007, 1577, 1498, 1450, 1427, 1350, 1308, 1278, 1220, 1145, 1121, 1071, 988, 845, 750, 
699 cm–1; 
HRMS (ESI) m/z 503.0592 (503.0582 calcd for C30H18Cl2NaO2 [M+Na]+). 
 
Synthesis of cycloadduct 49c: 
According to the procedure described for the synthesis of 49a, cycloadduct 45c (69.4 mg, 0.105 
mmol), furan (47) (59.8 mg, 0.878 mmol) and n-BuLi (1.63 M in n-hexane, 0.10 mL, 0.16 mmol) 
gave, after purified by PTLC (hexane/AcOEt = 8/2), cycloadduct 49c as a mixture of diastereomers 
(22.6 mg, 37.7%, less polar 49c/more polar 49c = 44/56) and cycloadduct 50 (5.2 mg, 10%) as a 
mixture of three diastereomers, respectively. Two diastereomers of 49c were separated by PTLC 
(hexane/toluene/CH2Cl2/Et2O = 50/10/35/5, X2) to afford less polar 49c and more polar 49c. 
 
 
cycloadduct 49b (less polar) 
Rf 0.53 (hexane/toluene/CH2Cl2/Et2O = 50/10/35/5, X2); 
Mp decomposed at 255 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.61 (s, 2H), 6.92 (s, 2H), 7.29 (s, 2H), 7.507 (dd, 2H, J1 = J2 = 7.5 Hz), 7.513 (s, 
2H), 7.60 (dd, 4H, J1 = J2 = 7.5 Hz), 7.83–7.86 (m, 4H); 
13C NMR (CDCl3, δ) 82.2, 90.2, 114.0, 121.6, 125.5, 126.4, 128.7, 129.0, 133.9, 143.2, 147.8, 149.0, 
151.7; 
IR (ATR) 3029, 1607, 1499, 1448, 1420, 1346, 1300, 1280, 1220, 1140, 1121, 1088, 988, 849, 742, 
693 cm–1; 
HRMS (ESI) m/z 590.9586 (590.9571 calcd for C30H18Br2NaO2 [M+Na]+). 
 
cycloadduct 49c (more polar) 
Rf 0.49 (hexane/toluene/CH2Cl2/Et2O = 50/10/35/5, X2); 
Mp decomposed at 240 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.59 (s, 2H), 6.99 (s, 2H), 7.25 (s, 2H), 7.507 (dd, 2H, J1 = J2 = 7.5 Hz), 7.514 (s, 
2H), 7.60 (dd, 4H, J1 = J2 = 7.5 Hz), 7.81–7.84 (m, 4H); 









IR (ATR) 3007, 1606, 1498, 1449, 1422, 1345, 1306, 1277, 1183, 1142, 1120, 1071, 988, 844, 747, 
697 cm–1; 
HRMS (ESI) m/z 590.9572 (590.9571 calcd for C30H18Br2NaO2 [M+Na]+). 
 
 
cycloadduct 50 (a mixture of three diastereomers) 
1H NMR (CDCl3, δ) 5.54 (s, 6H), 5.57 (s, 6H), 6.89 (s, 4H), 6.90 (s, 2H), 6.96 (s, 2H), 6.98 (s, 4H), 
7.21–7.67 (m, 12H), 7.44–7.50 (m, 6H), 7.55–7.61 (m, 12H), 7.82–7.90 (m, 12H); 
13C NMR (CDCl3, δ) 82.26, 82.32, 90.4, 90.45, 90.51, 113.5, 113.7, 113.8, 126.4, 126.5, 126.6, 128.16, 
128.20, 128.7, 134.9, 135.01, 135.04, 143.1, 143.2, 143.3, 143.4, 148.0, 148.1, 148.20, 148.23, 149.0, 
149.1, 149.3; 
IR (ATR) 3059, 3003, 2958, 2870, 1605, 1499, 1448, 1433, 1371, 1358, 1308, 1278, 1243, 1189, 1123, 
1070, 1041, 986, 864, 846, 750 cm–1; 
HRMS (ESI) m/z 501.1469 (501.1467 calcd for C34H22NaO3 [M+Na]+). 
 
Synthesis of cycloadduct 50: 
According to the procedure described for the synthesis of 49a, cycloadduct 45c (2.18 g, 3.29 mmol), 
furan (47) (2.25 g, 33.0 mmol) and n-BuLi (1.59 M in n-hexane, 5.20 mL, 8.27 mmol) gave, after 
purified by silica-gel flash column chromatography (hexane/CHCl3 = 7/3 →  hexane/CHCl3/acetone = 








Synthesis of cycloadduct 51a: 
To a mixture of cycloadduct 45a (963 mg, 1.78 mmol) and isobenzofuran 9 (713 mg, 2.64 mmol) in 
toluene (6.0 mL) was added n-BuLi (1.59 M in n-hexane, 1.35 mL, 2.15 mmol) at –15 ºC. After being 
warmed to 25 ºC and stirred for 10 min, the reaction was stopped by adding water. The products were 
extracted with EtOAc (X3), and the combined organic extracts were washed with brine, dried 
(Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (hexane/CH2Cl2/Et2O = 95/2.5/2.5) to give cycloadduct 51a as a mixture of 
diastereomers (712 mg, 61.2%, less polar 51a/more polar 51a = 48/52), which were separated by 






























cycloadduct 51a (less polar) 
Rf 0.29 (pentane/toluene = 6/4); 
Mp 314.6–315.4 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 6.95 (dd, 2H, J1 = 3.1 Hz, J2 = 5.1 Hz), 7.06 (dd, 2H, J1 = J2 = 7.9 Hz), 7.26 (dd, 
2H, J1 = 3.1 Hz, J2 = 5.2 Hz), 7.33 (s, 2H), 7.44–7.51 (m, 4H), 7.54–7.60 (m, 8H), 7.76–7.86 (m, 8H); 
13C NMR (CDCl3, δ) 90.4, 90.5, 110.8 (dd, J1 = 8.7 Hz, J2 = 13.0 Hz), 113.6, 120.4, 125.8, 126.4, 
126.6, 128.4, 128.7, 128.8, 129.0, 134.2, 134.9, 146.8 (dd, J1 = J2 = 4.3 Hz), 147.9 (dd, J1 = 15.2 Hz, 
J2 = 250.0 Hz), 149.0, 150.06, 150.14; 
IR (ATR) 3065, 3033, 1618, 1475, 1449, 1430, 1368, 1342, 1310, 1243, 1216, 1179, 1107, 996, 878, 
749, 702 cm–1; 
HRMS (ESI) m/z 673.1982 (673.1955 calcd for C46H28F2NaO2 [M+Na]+). 
 
cycloadduct 51a (more polar) 
Rf 0.17 (pentane/toluene = 6/4); 
Mp 331.4–332.4 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.02 (dd, 2H, J1 = 3.1 Hz, J2 = 5.2 Hz), 7.10 (dd, 2H, J1 = J2 = 7.9 Hz), 7.30 (s, 
2H), 7.33 (dd, 2H, J1 = 3.1 Hz, J2 = 5.2 Hz), 7.41–7.49 (m, 4H), 7.51–7.58 (m, 8H), 7.74–7.85 (m, 
8H); 
13C NMR (CDCl3, δ) 90.4, 90.6, 110.9 (dd, J1 = 7.9 Hz, J2 = 13.0 Hz), 113.4, 120.5, 125.7, 126.4, 
126.6, 128.3, 128.6, 128.8, 129.0, 134.2, 134.8, 147.0 (dd, J1 = J2 = 4.3 Hz), 148.0 (dd, J1 = 15.2 Hz, 
J2 = 250.0 Hz), 148.9, 149.9, 150.5; 
IR (ATR) 3019, 1622, 1476, 1450, 1429, 1367, 1309, 1215, 997, 930, 880, 753, 703 cm–1; 
HRMS (ESI) m/z 673.1982 (673.1955 calcd for C46H28F2NaO2 [M+Na]+). 
 
Synthesis of cycloadduct 51b: 
According to the procedure described for the synthesis of 51a, cycloadduct 45b (71.6 mg, 0.125 
mmol), isobenzofuran 9 (42.0 mg, 0.155 mmol) and n-BuLi (1.64 M in n-hexane, 0.10 mL, 0.16 
mmol) gave, after purified by silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 96/3/1 
→  88/9/3), cycloadduct 51b as a mixture of diastereomers (60.5 mg, 70.8%, less polar 51b/more 
polar 51b = 52/48), which were separated by PTLC (hexane/toluene/CH2Cl2/Et2O = 75/10/10/5, X2), 
affording less polar 51b and more polar 51b. 
 
 
cycloadduct 51b (less polar) 
Rf 0.69 (hexane/toluene/CH2Cl2/Et2O = 75/10/10/5, X2); 
Mp 327.8–328.6 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 6.96 (dd, 2H, J1 = 3.1 Hz, J2 = 5.5 Hz), 7.27 (dd, 2H, J1 = 3.1 Hz, J2 = 5.5 Hz), 

















13C NMR (CDCl3, δ) 90.2, 90.5, 113.7, 120.4, 122.6, 125.8, 126.4, 126.6, 128.4, 128.7, 128.8, 129.0, 
129.5, 133.8, 134.6, 148.4, 149.9, 150.1, 150.5; 
IR (ATR) 3063, 3033, 3013, 1601, 1583, 1499, 1449, 1423, 1360, 1338, 1309, 1261, 1216, 1179, 1148, 
1112, 983, 878, 869, 814, 803, 747, 702 cm–1; 
HRMS (FAB) m/z 683.1543 (683.1545 calcd for C46H29Cl2O2 [M+H]+). 
 
cycloadduct 51b (more polar) 
Rf 0.60 (hexane/toluene/CH2Cl2/Et2O = 75/10/10/5, X2); 
Mp 332.5–333.2 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.01 (dd, 2H, J1 = 3.1 Hz, J2 = 5.5 Hz), 7.31 (s, 2H), 7.32(s, 2H), 7.33 (dd, 2H, J1 
= 3.1 Hz, J2 = 5.5 Hz), 7.42–7.49 (m, 4H), 7.51–7.58 (m, 8H), 7.75–7.84 (m, 8H); 
13C NMR (CDCl3, δ) 90.3, 90.5, 113.5, 120.5, 122.7, 125.7, 126.4, 126.6, 128.3, 128.7, 128.8, 129.0, 
129.5, 133.8, 134.6, 148.3, 149.9, 150.3, 150.7; 
IR (ATR) 3064, 3032, 3011, 1602, 1499, 1450, 1423, 1356, 1336,1308, 1217, 1180, 1146, 1113, 984, 
883, 864, 813, 747, 720, 701 cm–1; 
HRMS (FAB) m/z 683.1544 (683.1545 calcd for C46H29Cl2O2 [M+H]+). 
 
Synthesis of cycloadduct 51c: 
According to the procedure described for the synthesis of 51a, cycloadduct 45c (110 mg, 0.166 
mmol), isobenzofuran 9 (49.5 mg, 0.183 mmol) and n-BuLi (1.63 M in n-hexane, 0.12 mL, 0.20 
mmol) gave, after purification by silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 
96/3/1→88/9/3), cycloadduct 51c (45.4 mg, 35.4%, less polar 51c/more polar 51c = 48/52) and 
triepoxyheptacene 67 as a mixture of diastereomers (35.0 mg, 23.9%), respectively. 
 
 
cycloadduct 51c (less polar) 
Rf 0.62 (hexane/toluene/CH2Cl2/Et2O = 82/10/6/2, X3); 
Mp decomposed at 250 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 6.96 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.27 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 
7.33 (s, 2H), 7.44 (s, 2H), 7.46–7.51 (m, 4H), 7.56–7.60 (m, 8H), 7.76–7.79 (m, 4H), 7.83–7.86 (m, 
4H); 
13C-NMR (CDCl3, δ) 90.2, 90.5, 113.7, 120.4, 121.7, 125.6, 125.8, 126.4, 126.6, 128.4, 128.7, 128.9, 
129.0, 133.7, 134.6, 148.3, 149.9, 150.2, 151.4; 
IR (ATR) 3059, 1606, 1499, 1308, 1033, 984, 866, 743 cm−1; 
HRMS (ESI) m/z 793.0333 (793.0354 calcd for C46H28Br2NaO2, [M+Na]+). 
 
cycloadduct 51c (more polar) 
Rf 0.52 (hexane/toluene/CH2Cl2/Et2O = 82/10/6/2, X3); 
Mp decomposed at 250 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 7.01 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.31 (s, 2H), 7.33 (dd, 2H, J1 = 2.9 Hz, J2 











13C-NMR (CDCl3, δ) 90.2, 90.5, 113.5, 120.5, 121.7, 125.70, 125.74, 126.4, 126.6, 128.3, 128.7, 
128.8, 129.0, 133.7, 134.7, 148.2, 150.0, 150.3, 151.7; 
IR (ATR) 3063, 1601, 1499, 1310, 1032, 983, 862, 745 cm−1;  







One-pot synthesis of cycloadduct 38: 
To a mixture of 1,2-dibromo-4,5-difluorobenzene (43a) (72.7 mg, 0.267 mmol) and 
5,6-dibromoisobenzofuran (14) (97.2 mg, 0.352 mmol) in toluene (2.5 mL) was added PhLi (1.06 M 
in cyclohexane–Et2O, 0.33 mL, 0.35 mmol) at –15 °C. After being warmed to 25 ºC and stirred for 10 
min, furan (47) (85.6 mg, 1.26 mmol) in toluene–THF (2.5–0.5 mL) was added to the mixture at –
15 °C, to which was slowly added n-BuLi (1.59 M in n-hexane, 0.18 mL, 0.29 mmol) at same 
temperature. After being warmed to 25 ºC, the reaction was stopped by adding water. The products 
were extracted with EtOAc (X3), and the combined organic extracts were washed with brine, dried 
(Na2SO4), and concentrated in vacuo. The residue was purified by PTLC (hexane/acetone/EtOAc = 
55/30/15) to give cycloadduct 48 as a mixture of diastereomers (34.5 mg, 43.6%, less polar 48/more 







One-pot synthesis of cycloadduct 51a: 
To a mixture of 1,2-dibromo-4,5-difluorobenzene (43a) (103 mg, 0.379 mmol) and 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (187 mg, 0.437 mmol) in chlorobenzene (2.0 mL) was 
added n-BuLi (1.60 M in n-hexane, 0.31 mL, 0.50 mmol) at –15 °C. After being warmed to 25 ºC and 
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was added to the mixture at –15 °C, to which was slowly n-BuLi (1.60 M in n-hexane, 0.49 mL, 0.78 
mmol) at same temperature. After being warmed to 25 ºC, the reaction was stopped by adding water. 
The products were extracted with EtOAc (X3), and the combined organic extracts were washed with 
brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel open column 
chromatography (hexane/CH2Cl2/Et2O = 96/2/2) to give cycloadduct 51a as a mixture of 
diastereomers (129 mg, 52.2%, less polar 51a/more polar 51a = 47/53). 
 
One-pot synthesis of cycloadduct 52a: 
To a solution of 1,2-dibromo-4,5-difluorobenzene (43a) (146 mg, 0.539 mmol) and 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (271 mg, 0.633 mmol) in toluene (2.2 mL) was added 
n-BuLi (1.59 M in n-hexane, 0.42 mL, 0.67 mmol) at –15 °C. After being warmed to 25 ºC and stirred 
for 10 min, 5,6-difluoro-1,3-diphenylisobenzofuran (16a) (322 mg, 1.05 mmol) in toluene (3.5 mL) 
was added to the mixture at –15 °C, to which was slowly added PhLi (1.06 M in cyclohexane–Et2O, 
1.3 mL, 1.4 mmol) at same temperature. After being warmed to 25 ºC, the reaction was stopped by 
adding water. The products were extracted with EtOAc (X3), and the combined organic extracts were 
washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel 
flash column chromatography (hexane/toluene = 8/2 → 7/3 → 6/4) to give cycloadduct 52a as a 
mixture of diastereomers (228 mg, 61.6%, less polar 52a/more polar 52a = 52/48), which were 
separated by silica-gel flash column chromatography (hexane/toluene = 8/2 → 7/3 → 6/4 → 5/5), 
affording less polar 52a and more polar 52a. 
 
 
cyaloadduct 52a (less polar) 
Rf 0.43 (hexane/CHCl3/Et2O = 90/5/5); 
Mp 330.3–330.9 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.08 (dd, 4H, J1 = J2 = 7.8 Hz), 7.32 (s, 2H), 7.49–7.54 (m, 4H), 7.57–7.62 (m, 
8H), 7.77–7.80 (m, 8H); 
13C NMR (CDCl3, δ) 90.3, 110.9 (dd, J1 = 7.7 Hz, J2 = 14.4 Hz), 113.7, 126.4, 128.8, 129.1, 133.8, 
146.3 (dd, J1 = J2 = 3.8 Hz), 147.9 (dd, J1 = 15.3 Hz, J2 = 250.2 Hz), 149.3; 
IR (ATR) 3061, 3035, 2855, 1617, 1500, 1474, 1450, 1437, 1352, 1308, 1238, 1173, 1121, 1109, 1053, 
1030, 1002, 982, 968, 889, 876, 781, 767, 741, 725, 700 cm–1; 
HRMS (ESI) m/z 709.1787 (709.1767 calcd for C46H26F4NaO2 [M+Na]+). 
 
cyaloadduct 52a (more polar) 
Rf 0.26 (hexane/CHCl3/Et2O = 90/5/5); 
Mp 339.3–340.1 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.12 (dd, 4H, J1 = J2 = 7.8 Hz), 7.29 (s, 2H), 7.44–7.49 (m, 4H), 7.53–7.58 (m, 
8H), 7.75–7.78 (m, 8H); 
13C NMR (CDCl3, δ) 90.3, 111.0 (dd, J1 = 7.7 Hz, J2 = 14.4 Hz), 113.4, 126.3, 128.7, 129.0, 133.9, 
146.7 (dd, J1 = J2 = 3.9 Hz), 147.8 (dd, J1 = 15.3 Hz, J2 = 250.2 Hz), 149.2; 












1029, 999, 984, 905, 880, 866, 780, 746, 703 cm–1; 
HRMS (ESI) m/z 709.1782 (709.1767 calcd for C46H26F4NaO2 [M+Na]+). 
 
One-pot synthesis of cycloadduct 51b: 
To a mixture of 1,2-dibromo-4,5-dichlorobenzene (43b) (154 mg, 0.505 mmol) and 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (238 mg, 0.557 mmol) in toluene (2.0 mL) was added 
n-BuLi (1.59 M in n-hexane, 0.39 mL, 0.62 mmol) at –15 °C. After being warmed to 25 ºC and stirred 
for 10 min, 1,3-diphenylisobenzofuran (9) (254 mg, 0.940 mmol) in toluene (3.0 mL) was added to the 
mixture at –15 °C, to which was slowly added PhLi (1.06 M in cyclohexane–Et2O, 1.00 mL, 1.06 
mmol) at same temperature. After being warmed to 25 ºC, the reaction was stopped by adding water. 
The products were extracted with EtOAc (X3), and the combined organic extracts were washed with 
brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel open column 
chromatography (n-hexane/CH2Cl2/Et2O = 97/2/1) to give cycloadduct 51b as a mixture of 
diastereomers (152 mg, 44.0%, less polar 51b/more polar 51b = 55/45). 
 
One-pot synthesis of cycloadduct 53: 
To a mixture of 1,2-dibromo-4,5-dichlorobenzene (43b) (150 mg, 0.492 mmol) and 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (232 mg, 0.542 mmol) in toluene (2.0 mL) was added 
n-BuLi (1.60 M in n-hexane, 0.40 mL, 0.64 mmol) at –15 °C. After being warmed to 25 ºC and stirred 
for 10 min, 5,6-difluoro-1,3-diphenylisobenzofuran (16a) (263 mg, 0.859 mmol) in toluene (3.0 mL) 
was added to the mixture at –15 °C, to which was slowly added PhLi (1.08 M in cyclohexane–Et2O, 
0.96 mL, 1.0 mmol) at same temperature. After being warmed to 25 ºC, the reaction was stopped by 
adding water. The products were extracted with EtOAc (X3), and the combined organic extracts were 
washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel 
open column chromatography (hexane/CH2Cl2/Et2O = 97/2/1) to give cycloadduct 53 as a mixture of 
diastereomers (152 mg, 42.8%, less polar 53/more polar 53 = 55/45), which were separated by PTLC 
(hexane/CH2Cl2/Et2O = 80/15/5, X2), affording less polar 53 and more polar 53. 
 
 
cycloadduct 53 (less polar) 
Rf 0.59 (hexane/CH2Cl2/Et2O = 80/15/5, X2); 
Mp 377.9–378.3 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.08 (dd, 2H, J1 = J2 = 7.9 Hz), 7.30 (s, 2H), 7.32 (s, 2H), 7.48–7.54 (m, 4H), 
7.56–7.62 (m, 8H), 7.78 (d, 8H, J = 7.2 Hz); 
13C NMR (CDCl3, δ) 90.3, 90.4, 111.0 (dd, J1 = 8.7 Hz, J2 = 13.0 Hz), 113.8, 122.7, 126.4, 126.5, 
128.8, 129.1, 129.7, 133.8, 134.0, 146.6 (dd, J1 = J2 = 4.3 Hz), 148.0 (dd, J1 = 15.2 Hz, J2 = 250.0 Hz), 
149.0, 149.7, 150.5; 
IR (ATR) 3062, 1612, 1501, 1474, 1449, 1427, 1342, 1307, 1241, 1178, 1146, 1110, 1055, 1033, 990, 
881, 860, 811, 781, 745, 700 cm–1; 














cycloadduct 53 (more polar) 
Rf 0.50 (hexane/CH2Cl2/Et2O = 80/15/5, X2); 
Mp 334.3–335.1 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.13 (dd, 2H, J1 = J2 = 7.9 Hz), 7.30 (s, 2H), 7.35 (s, 2H), 7.44–7.50 (m, 4H), 
7.53–7.58 (m, 8H), 7.75–7.79 (m, 8H); 
13C NMR (CDCl3, δ) 90.3, 90.4, 111.0 (dd, J1 = 8.7 Hz, J2 = 13.0 Hz), 113.6, 122.8, 126.37, 126.43, 
128.7, 128.8, 129.02, 129.04, 129.6, 133.8, 134.0, 146.8 (dd, J1 = J2 = 4.3 Hz), 148.1 (dd, J1 = 15.1 Hz, 
J2 = 250.0 Hz), 148.9, 149.6, 150.8; 
IR (ATR) 3060, 1620, 1499, 1475, 1450, 1428, 1364, 1308, 1244, 1215, 1180, 1148, 1112, 1056, 998, 
984, 909, 888, 875, 781, 748, 701 cm–1; 
HRMS (ESI) m/z 741.1189 (741.1176 calcd for C46H26Cl2F2NaO2 [M+Na]+). 
 
One-pot synthesis of cycloadduct 52b: 
To a mixture of 1,2-dibromo-4,5-dichlorobenzene (43b) (104 mg, 0.341 mmol) and 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (154 mg, 0.360 mmol) in chlorobenzene (3.0 mL) was 
added n-BuLi (1.60 M in n-hexane, 0.26 mL, 0.42 mmol) at –15 °C. After being warmed to 25 ºC and 
stirred for 10 min, 5,6-dichloro-1,3-diphenylisobenzofuran (16b) (180 mg, 0.531 mmol) in 
chlorobenzene (3.0 mL) was added to the mixture at –15 °C, to which was slowly n-BuLi (1.60 M in 
n-hexane, 0.45 mL, 0.72 mmol) at same temperature. After being warmed to 25 ºC, the reaction was 
stopped by adding water. The products were extracted with EtOAc (X3), and the combined organic 
extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified 
by silica-gel open column chromatography (hexane/CH2Cl2/Et2O = 96/1/3 → 92/2/6) to give 
cycloadduct 52b as a mixture of diastereomers (111 mg, 43.4%, less polar 52b/more polar 52b = 
52/48), which were separated by silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 
96/3/1 → 92/6/2), affording less polar 52b and more polar 52b. 
 
 
cycloadduct 52b (less polar) 
Rf 0.43 (hexane/CH2Cl2/Et2O = 92/6/2, X2); 
Mp 424.1–425.0 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.31 (s, 4H), 7.33 (s, 2H), 7.52 (dd, 4H, J1 = J2 = 7.4 Hz), 7.60 (dd, 8H, J1 = J2 = 
7.4 Hz), 7.77–7.80 (m, 8H); 
13C NMR (CDCl3, δ) 90.2, 114.0, 122.7, 126.4, 128.8, 129.1, 129.7, 133.5, 149.1, 150.2; 
IR (ATR) 3035, 1608, 1541, 1506, 1448, 1419, 1339, 1306, 1181, 1146, 1114, 984, 882, 862, 799, 748 
cm–1; 
HRMS (ESI) m/z 773.0567 (773.0585 calcd for C46H26Cl4NaO2 [M+Na]+). 
 
cycloadduct 52b (more polar) 
Rf 0.28 (hexane/CH2Cl2/Et2O = 92/6/2, X2); 
Mp 353.4–354.2 °C (MeOH/CHCl3); 












7.5 Hz), 7.75–7.78 (m, 8H); 
13C NMR (CDCl3, δ) 90.2, 113.7, 122.8, 126.3, 128.7, 129.0, 129.6, 133.6, 148.9, 150.5; 
IR (ATR) 3034, 1607, 1541, 1498, 1449, 1424, 1354, 1306, 1212, 1155, 1111, 999, 983, 878, 805, 750 
cm–1; 







Synthesis of cycloadduct 50: 
To a solution of 1,2,4,5-tetrabromobenzene (43c) (128 mg, 0.325 mmol) and 
5,6-dibromo-1,3-diphenylisobenzofuran (16c) (103 mg, 0.241 mmol) in toluene (2.5 mL) was added 
n-BuLi (1.63 M in n-hexane, 0.16 mL, 0.26 mmol) at –15 °C. After being warmed to 25 ºC and stirred 
for 10 min, furan (47) (0.17 mL, 2.4 mmol) was added to the mixture at –15 °C, to which was slowly 
added n-BuLi (1.63 M in n-hexane, 0.35 mL, 0.57 mmol) at same temperature. After being warmed to 
25 ºC, the reaction was stopped by adding water. The products were extracted with EtOAc (X3), and 
the combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. 
The residue was purified by PTLC (hexane/CH2Cl2/acetone = 74/13/13) to give cycloadduct 50 as a 







Synthesis of cycloadduct 28: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, 1-bromo-2-iodobenzene (59a) (70.0 mg, 0.247 mmol), isobenzofuran 14 (71.8 mg, 
0.260 mmol) and n-BuLi (1.60 M in n-hexane, 0.19 mL, 0.30 mmol) gave, after purified by PTLC 
(hexane/EtOAc = 8/2), cycloadduct 28 (67.9 mg, 78.1%) as a white solid and cycloadduct 33 (1.2 mg, 




















–15 → 25 °C
toluene































Synthesis of cycloadduct 61a: 
To a mixture of cycloadduct 60a (171 mg, 0.277 mmol) and furan (47) (94 mg, 1.4 mmol) in toluene 
(5.5 mL) was added n-BuLi (1.54 M in n-hexane, 0.120 mL, 0.185 mmol) at –40 ºC. After 0.5 h, the 
reaction was stopped by adding water at same temperature. The products were extracted with EtOAc 
(X3), and the combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in 
vacuo. The residue was purified by silica-gel flash column chromatography (hexane/AcOEt = 8/2 
→ 7/3 → 6/4) to give cycloadduct 61a as a mixture of diastereomers (67.1 mg, 69.2%, less polar 
61a/more polar 61a = 46/54) and cycloadduct 50 as a mixture of three diastereomers (3.7 mg, 4.2%), 
respectively. Two diastereomers of 61a were separated by PTLC (hexane/toluene/CH2Cl2/Et2O = 
50/10/5/35, X2) to afford less polar 61a and more polar 61a. 
 
 
cycloadduct 61a (less polar) 
Rf 0.53 (hexane/toluene/CH2Cl2/Et2O = 50/10/5/35, X2); 
Mp decomposed at 230 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.61 (s, 2H), 6.93 (s, 2H), 7.29 (s, 2H), 7.36 (s, 1H), 7.49–7.53 (m, 3H), 7.58–
7.63 (m, 4H), 7.83–7.86 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.2, 90.3, 114.0, 119.2, 122.4, 125.4, 126.4, 128.7, 129.0, 131.4, 133.9, 
134.0, 143.2, 147.8, 147.9, 149.0, 150.9, 151.7; 
IR (ATR) 3009, 1607, 1499, 1449, 1423, 1352, 1302, 1281, 1143, 1121, 1095, 1074, 986, 849, 742, 
692 cm–1; 
HRMS (ESI) m/z 547.0078 (547.0076 calcd for C30H18BrClNaO2 [M+Na]+). 
 
cycloadduct 61a (more polar) 
Rf 0.46 (hexane/toluene/CH2Cl2/Et2O = 50/10/5/35, X2); 
Mp decomposed at 220 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.59 (s, 2H), 6.99 (s, 2H), 7.26 (s, 2H), 7.37 (s, 1H), 7.49–7.53 (m, 3H), 7.58–
7.63 (m, 4H), 7.81–7.85 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.2, 90.3, 113.8, 119.1, 122.4, 125.4, 126.5, 128.7, 129.0, 131.3, 133.90, 








61a: 69% 50: 4%
61b: 66% 50: 5%
60a: X = Cl























IR (ATR) 3007, 1607, 1498, 1450, 1424, 1348, 1307, 1277, 1142, 1120, 1097, 1071, 988, 844, 748, 
698 cm–1; 
HRMS (ESI) m/z 547.0081 (547.0076 calcd for C30H18BrClNaO2 [M+Na]+). 
 
Synthesis of cycloadduct 61b: 
According to the procedure described for the synthesis of 61a, cycloadduct 60b (173 mg, 0.288 
mmol) (70.0 mg, 0.247 mmol), furan (47) (94 mg, 1.4 mmol) and n-BuLi (1.60 M in n-hexane, 0.120 
mL, 0.192 mmol) gave, after purified by silica-gel flash column chromatography (hexane/AcOEt = 8/2 
→ 7/3 → 6/4), cycloadduct 61b as a mixture of diastereomers (64.5 mg, 66.1%, less polar 61b/more 
polar 61b = 49/51) and cycloadduct 50 as a mixture of three diastereomers (4.5 mg, 4.9%), 
respectively. Two diastereomers of 61b were separated by PTLC (hexane/toluene/CH2Cl2/Et2O = 
50/10/5/35, X2) to afford less polar 61b and more polar 61b. 
 
 
cycloadduct 61b (less polar) 
Rf 0.67 (hexane/toluene/CH2Cl2/Et2O = 50/10/5/35, X2); 
Mp decomposed at 240 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.62 (s, 2H), 6.93 (s, 2H), 7.10 (d, 1H, J = 7.5 Hz), 7.286 (s, 1H), 7.291 (s, 1H), 
7.42 (d, 1H, J = 5.7 Hz), 7.48–7.53 (m, 2H), 7.58–7.63 (m, 4H), 7.83–7.87 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.2, 90.3, 105.2 (d, J = 22.9 Hz), 110.1 (d, J = 26.6 Hz), 113.9, 114.0, 
124.9, 125.5, 126.36, 126.38, 126.41, 128.6, 128.7, 129.0, 134.0, 134.1, 143.2, 147.5 (d, J = 2.4 Hz), 
147.9, 148.2, 148.8, 149.0, 152.5 (d, J = 6.0 Hz), 156.9 (d, J = 248.7 Hz); 
IR (ATR) 3010, 1599, 1501, 1432, 1389, 1352, 1310, 1281, 1202, 1119, 1074, 985, 849, 744, 691  
cm–1; 
HRMS (ESI) m/z 531.0365 (531.0372 calcd for C30H18BrFNaO2 [M+Na]+). 
 
cycloadduct 61b (more polar) 
Rf 0.60 (hexane/toluene/CH2Cl2/Et2O = 50/10/5/35, X2); 
Mp 164.1–164.9 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 5.58 (s, 2H), 6.99 (s, 2H), 7.10 (d, 1H, J = 7.7 Hz), 7.250 (s, 1H), 7.253 (s, 1H), 
7.42 (d, 1H, J = 6.0 Hz), 7.48–7.53 (m, 2H), 7.57–7.62 (m, 4H), 7.81–7.85 (m, 4H); 
13C NMR (CDCl3, δ) 82.3, 90.2, 90.3, 105.1 (d, J = 22.9 Hz), 110.1 (d, J = 25.4 Hz), 113.7, 113.8, 
124.9, 125.5, 126.4, 126.5, 128.6, 128.7, 129.0, 134.0, 134.1, 143.3, 147.75 (d, J = 2.4 Hz), 147.82, 
148.1, 148.8, 149.0, 152.7 (d, J = 6.0 Hz), 156.8 (d, J = 247.5 Hz); 
IR (ATR) 3010, 1597, 1497, 1433, 1389, 1349, 1307, 1280, 1202, 1121, 1072, 988, 847, 748, 697  
cm–1; 
















Synthesis of cycloadduct 60a: 
To a mixture of 1,2,4,5-tetrabromobenzene (43c) (78.7 mg, 0.200 mmol) and isobenzofuran 21 (84.4 
mg, 0.220 mmol) in toluene (5.0 mL) was added n-BuLi (1.54 M in n-hexane, 0.13 mL, 0.20 mmol) at 
–10 ºC. After being warmed to room temperature and stirred for 5 min, the reaction was stopped by 
adding water. The products were extracted with EtOAc (X3), and the combined organic extracts were 
washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by PTLC 




Mp 247.2–248.0 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.41 (s, 1H), 7.52–7.56 (m, 2H), 7.559 (s, 1H), 7.564 (s, 2H), 7.61–7.65 (m, 4H), 
7.80–7.83 (m, 4H); 
13C NMR (CDCl3, δ) 89.8, 90.0, 120.1, 122.5, 122.9, 125.9, 126.3, 129.1, 129.2, 132.3, 132.89, 132.92, 
149.5, 150.3, 150.37, 150.44; 
IR (ATR) 3017, 1601, 1499, 1448, 1416, 1358, 1341, 1288, 1215, 1145, 1089, 987, 887, 746, 702  
cm–1; 







Synthesis of 1,5-dibromo-2,4-difluorobenzene (ix): 
To a mixture of 1,3-difluorobenzene (24.3 g, 213 mmol) and iron powder (2.97 g, 53.2 mmol) was 
slowly added bromine (34.3 g, 215 mmol) at 0 °C. After being warmed up at 25 °C, the reaction was 
further stirred overnight. The reaction mixture diluted with Et2O at 25 °C, filtered through a Celite® 






















































organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The filtration 
was washed by haxane (X3) at –78 °C to give essentially pure 1,5-dibromo-2,4-difluorobenzene (ix) 




Mp. 28,8–29.3 °C; 
1H NMR (CDCl3, δ) 6.98 (dd, 1H, J1 = J2 = 8.2 Hz), 7.77 (dd, 1H, J1 = J2 = 7.2 Hz); 
13C NMR (CDCl3, δ) 104.6 (dd, J1 = 8.4 Hz, J2 = 17.4 Hz), 105.9 (dd, J1 = J2 = 27.0 Hz), 136.4, 158.4 
(dd, J1 = 10.8 Hz, J2 = 250.7 Hz); 
IR (ATR) 3099, 3036, 1586, 1489, 1465, 1392, 1267, 1150, 1074, 987, 882, 845, 734 cm–1; 
HRMS (DART) m/z 269.8495 (269.8491 calcd for C6H2Br2F2, M+). 
 
Synthesis of cycloadduct 60b: 
According to the procedure described for the synthesis of 60a, 1,5-dibromo-2,4-difluorobenzene (ix) 
(78.7 mg, 0.200 mmol), 5,6-dibromo-1,3-diphenylisobenzofuran (16b) (94.0 mg, 0.220 mmol) and 
n-BuLi (1.54 M in n-hexane, 0.13 mL, 0.20 mmol) gave, after purification by PTLC 




Mp 168.5–169.2 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.14 (d, 1H, J = 7.5 Hz), 7.48 (d, 1H, J = 5.7 Hz), 7.52–7.57 (m, 4H), 7.60–7.65 
(m, 4H), 7.80–7.84 (m, 4H); 
13C NMR (CDCl3, δ) 89.9, 90.0, 106.2 (d, J = 22.9 Hz), 110.5 (d, J = 26.6 Hz), 122.3, 122.5, 125.6, 
125.8, 125.9, 126.2, 126.3, 129.0, 129.1, 129.2, 133.0, 133.1, 146.2 (d, J = 2.4 Hz), 150.5, 150.8, 
151.2 (d, J = 7.2 Hz), 157.3 (d, J = 249.9 Hz); 
IR (ATR) 3032, 1596, 1498, 1449, 1425, 1391, 1346, 1295, 1207, 1143, 1089, 995, 884, 841, 748  
cm–1; 





























Synthesis of cycloadduct 64: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, 1-bromo-2-iodobenzene (59a) (112 mg, 0.396 mmol), isobenzofuran 16c (129 mg, 
0.301 mmol) and n-BuLi (1.60 M in n-hexane, 0.25 mL, 0.40 mmol) gave, after purified by silica-gel 
flash column chromatography (hexane/CH2Cl2/Et2O = 98/1/1 → 96/3/1), cycloadduct 64 (110 mg, 




Mp 167.6–168.5 °C (hexane/Et2O); 
1H-NMR (CDCl3, δ) 7.08 (dd, 2H, J1 = 2.9 Hz, J2 = 5.7 Hz), 7.38 (dd, 2H, J1 = 2.9 Hz, J2 = 5.7 Hz), 
7.49–7.53 (m, 2H), 7.54 (s, 2H), 7.59–7.63 (m, 4H), 7.86–7.89 (m, 4H); 
13C-NMR (CDCl3, δ) 90.2, 120.7, 121.8, 125.6, 126.4, 126.5, 128.7, 129.0, 133.9, 149.2, 151.6; 
IR (ATR) 3030, 1599, 1499, 1295, 1036, 992, 871, 741 cm−1; 
HRMS (DART) m/z 502.9644 (502.9646 calcd for C26H17Br2O, [M+H]+). 
 
Synthesis of cycloadduct 65: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, cycloadduct 64 (75.6 mg, 0.150 mmol), isobenzofuran 21 (63.2 mg, 0.165 mmol) and 
n-BuLi (1.60 M in n-hexane, 0.12 mL, 0.19 mmol) gave, after purification by silica-gel flash column 
chromatography (hexane/CH2Cl2/Et2O = 96/3/1 → 88/9/3), cycloadduct 65 (58.8 mg, 53.9%, less 
polar 65/more polar 65 = 46/54) and triepoxyheptacene 66 (23.7 mg, 15.9%) as a mixture of 
diastereomers, respectively. Two diastereomers of 65 were separated by PTLC 




































































cycloadduct 65 (less polar) 
Rf 0.38 (hexane/toluene/CH2Cl2/Et2O = 82/10/6/2, X2); 
Mp decomposed at 240 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 6.96 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.27 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 
7.29 (s, 1H), 7.33 (s, 2H), 7.44 (s, 1H), 7.46–7.51 (m, 4H), 7.56–7.60 (m, 8H), 7.77–7.79 (m, 4H), 
7.83–7.86 (m, 4H); 
13C-NMR (CDCl3, δ) 90.2, 90.3, 90.5, 113.7, 119.3, 120.4, 122.6, 125.6, 125.8, 126.4, 126.6, 128.4, 
128.7, 128.9, 129.1, 131.5, 133.70, 133.73, 134.6, 148.26, 148.34, 149.9, 150.15, 150.17, 150.6, 
151.3; 
IR (ATR) 3059, 1607, 1500, 1308, 1083, 986, 867, 744 cm−1; 
HRMS (ESI) m/z 749.0834 (749.0859 calcd for C46H28BrClNaO2, [M+Na]+). 
 
cycloadduct 65 (more polar) 
Rf 0.28 (hexane/toluene/CH2Cl2/Et2O = 82/10/6/2, X2); 
Mp decomposed at 230 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 7.02 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.30 (s, 2H), 7.32–7.35 (m, 3H), 7.43–
7.49 (m, 5H), 7.52–7.57 (m, 8H), 7.75–7.77 (m, 4H), 7.81–7.84 (m, 4H); 
13C-NMR (CDCl3, δ) 90.2, 90.3, 90.5, 113.49, 113.51, 119.3, 120.5, 122.7, 125.6, 125.7, 126.4, 126.5, 
128.3, 128.7, 128.8, 129.0, 131.5, 133.7, 133.8, 134.6, 148.2, 148.3, 149.9, 150.0, 150.3, 150.8, 151.6; 
IR (ATR) 3065, 1607, 1498, 1311, 1082, 989, 863, 746 cm−1; 
HRMS (ESI) m/z 749.0876 (749.0859 calcd for C46H28BrClNaO2, [M+Na]+). 
 
 
cycloadduct 66 (a mixture of four diastereomers): 
1H-NMR (CDCl3, δ) 6.90–7.01 (m, 8H), 7.19–7.33 (m, 24H), 7.36–7.60 (m, 80H), 7.66–7.83 (m, 48H); 
13C-NMR (CDCl3, δ) 90.0, 90.05, 90.07, 90.09, 90.11, 90.14, 90.17, 90.19, 90.36, 90.39, 90.46, 90.50, 
113.3, 113.4, 113.47, 113.51, 113.7, 113.8, 119.2, 119.3, 119.5, 119.6, 120.08, 120.11, 120.2, 120.4, 
122.4, 122.5, 122.7, 125.4, 125.5, 125.55, 125.62, 125.7, 125.8, 125.97, 126.00, 126.07, 126.12, 126.2, 
126.3, 126.42, 126.44, 126.5, 126.57, 126.64, 126.7, 128.16, 128.21, 128.3, 128.4, 128.5, 128.59, 
128.63, 128.66, 128.72, 128.8, 128.86, 128.90, 128.92, 129.00, 129.03, 131.4, 131.5, 131.58, 131.63, 
133.68, 133.72, 133.76, 133.83, 133.87, 133.90, 134.3, 134.38, 134.44, 134.70, 134.73, 134.78, 
134.80, 147.99, 148.03, 148.1, 148.2, 148.26, 148.30, 148.4, 148.9, 148.98, 149.02, 149.1, 149.2, 
149.4, 149.49, 149.52, 149.70, 149.73, 149.78, 149.80, 149.86, 149.94, 149.96, 150.02, 150.2, 150.3, 
150.35, 150.42, 150.5, 150.6, 151.18, 151.24, 151.37, 151.39; 
IR (ATR) 3062, 1606, 1499, 1307, 1082, 983, 885, 748 cm−1; 



















Synthesis of cycloadduct 67: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, cycloadduct 65 (more polar) (35.1 mg, 0.0482 mmol), isobenzofuran 9 (14.7 mg, 
0.0544 mmol) and n-BuLi (1.60 M in n-hexane, 0.040 mL, 0.064 mmol) gave, after purification by 
silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 96/3/1 → 88/9/3), triepoxyheptacene 
67 as a mixture of diastereomers (29.0 mg, 68.0%, less polar 67A/more polar 67B = 46/54). Those 
diastereomers were separated by PTLC (hexane/toluene/CH2Cl2/Et2O = 78/10/8/4, X4), affording less 
polar 67A and more polar 67B as white solids, respectively. 
 
 
triepoxyheptacene 67A (less polar) 
Rf 0.55 (hexane/toluene/CH2Cl2/Et2O = 78/10/8/4, X4); 
Mp decomposed at 260 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 6.92 (dd, 4H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.22 (s, 4H), 7.23 (dd, 4H, J1 = 2.9 Hz, J2 
= 5.2 Hz), 7.44–7.49 (m, 6H), 7.52–7.56 (m, 12H), 7.72–7.75 (m, 4H), 7.79–7.82 (m, 8H); 
13C-NMR (CDCl3, δ) 90.4, 113.4, 120.3, 125.6, 126.5, 126.6, 128.2, 128.3, 128.8, 128.9, 134.6, 134.8, 
149.2, 149.4, 150.1; 
IR (ATR) 3058, 1603, 1496, 1307, 974, 867, 747 cm−1; 
HRMS (ESI) m/z 905.3020 (905.3032 calcd for C66H42NaO3, [M+Na]+). 
 
triepoxyheptacene 67B (more polar) 
Rf 0.49 (hexane/toluene/CH2Cl2/Et2O = 78/10/8/4, X4); 
Mp decomposed at 250 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 6.94 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 6.96 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 
7.19 (s, 2H), 7.22–7.25 (m, 4H), 7.28 (s, 2H), 7.39–7.59 (m, 18H), 7.72–7.74 (m, 4H), 7.77–7.80 (m, 
4H), 7.81–7.83 (m, 4H); 
13C-NMR (CDCl3, δ) 90.37, 90.39, 90.5, 113.2, 113.5, 120.2, 120.3, 125.7, 125.8, 126.4, 126.5, 126.6, 
128.11, 128.13, 128.3, 128.6, 128.8, 134.5, 134.8, 134.9, 149.0, 149.1, 149.3, 149.6, 149.9, 150.1; 
IR (ATR) 3063, 1602, 1497, 1308, 977, 869, 747 cm−1; 
HRMS (ESI) m/z 905.3028 (905.3032 calcd for C66H42NaO3, [M+Na]+). 
 
Synthesis of cycloadduct 67: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, cycloadduct 65 (less polar) (68.2 mg, 0.0937 mmol), isobenzofuran 9 (27.9 mg, 0.103 
mmol) and n-BuLi (1.63 M in n-hexane, 0.075 mL, 0.12 mmol) gave, after purification by PTLC 
(hexane/CH2Cl2/Et2O = 7/2/1), triepoxyheptacene 67 as a mixture of diastereomers (48.6 mg, 58.7%, 
less polar 67B/more polar 67C = 46/54). Those diastereomers were separated by PTLC 













triepoxyheptacene 67C (more polar) 
Rf 0.41 (hexane/toluene/CH2Cl2/Et2O = 78/10/8/4, X4); 
Mp decomposed at 310 °C (MeOH/CHCl3); 
1H-NMR (CDCl3, δ) 6.94 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 6.96 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 
7.19 (s, 2H), 7.22–7.25 (m, 4H), 7.28 (s, 2H), 7.39–7.59 (m, 18H), 7.72–7.74 (m, 4H), 7.77–7.80 (m, 
4H), 7.81–7.83 (m, 4H); 
13C-NMR (CDCl3, δ) 90.37, 90.39, 90.5, 113.2, 113.5, 120.2, 120.3, 125.7, 125.8, 126.4, 126.5, 126.6, 
128.11, 128.13, 128.3, 128.6, 128.8, 134.5, 134.8, 134.9, 149.0, 149.1, 149.3, 149.6, 149.9, 150.1; 
IR (ATR) 3063, 1602, 1497, 1308, 977, 869, 747 cm−1; 







Synthesis of cycloadduct 65: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran, cycloadduct 60a (124 mg, 0.201 mmol), isobenzofuran 9 (59.7 mg, 0.221 mmol) and 
n-BuLi (1.60 M in n-hexane, 0.15 mL, 0.24 mmol) gave, after purified by silica-gel flash column 
chromatography (hexane/CH2Cl2/Et2O = 96/3/1 → 88/9/3), cycloadduct 65 (94.3 mg, 64.7%, less 
polar 65/more polar 65 = 52/48) and cycloadduct 65 as a mixture of three diastereomers (33.6 mg, 
20.0%), respectively. 
 
Synthesis of cycloadduct 68A: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran cycloadduct 65 (less polar) (67.9 mg, 0.0933 mmol), furan (47) (65 mg, 0.96 mmol) 




























































cycloadduct 68A (a mixture of two diastereomers) 
1H NMR (CDCl3, δ) 5.50 (s, 2H), 5.52 (s, 2H), 6.88 (s, 2H), 6.91 (s, 2H), 6.92–6.95 (m, 4H), 7.13 (s, 
2H), 7.19 (s, 2H), 7.23 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.26 (dd, 2H, J1 = 2.9 Hz, J2 = 5.2 Hz), 7.29 
(s, 2H), 7.33 (s, 2H), 7.44–7.49 (m, 8H), 7.54–7.59 (m, 16H), 7.79–7.87 (m, 16H); 
13C NMR (CDCl3, δ) 82.2, 82.3, 90.47, 90.52, 113.40, 113.43, 113.6, 113.8, 120.2, 120.4, 125.6, 125.7, 
126.5, 126.55, 126.60, 126.9, 128.3, 128.76, 128.81, 134.8, 134.9, 143.19, 143.22, 148.2, 148.3, 148.6, 
148.8, 149.2, 149.5, 149.8, 150.0, 150.2; 
IR (ATR) 3062, 3008, 1602, 1499, 1448, 1426, 1343, 1308, 1280, 1216, 1108, 984, 866, 848, 744, 700 
cm–1; 
HRMS (ESI) m/z 703.2233 (703.2249 calcd for C50H32NaO3, [M+Na]+). 
 
Synthesis of cycloadduct 68B: 
According to the procedure described for the typical procedure for [4+2] cycloadditions of aryne and 
isobenzofuran cycloadduct 65 (more polar) (99.5 mg, 0.137 mmol), furan (47) (94 mg, 1.4 mmol) and 
n-BuLi (1.63 M in n-hexane, 0.11 mL, 0.18 mmol) gave, after purified by PTLC 




cycloadduct 68B (a mixture of two diastereomers) 
1H NMR (CDCl3, δ) 5.52 (s, 2H), 5.54 (s, 2H), 6.88 (s, 2H), 6.93 (s, 2H), 6.95 (dd, 2H, J1 = 3.0 Hz, J2 
= 5.3 Hz), 6.99 (dd, 2H, J1 = 3.0 Hz, J2 = 5.3 Hz), 7.16 (s, 2H), 7.22 (s, 2H), 7.27–7.32 (m, 8H), 7.40–
7.45 (m, 8H), 7.50–7.54 (m, 16H), 7.75–7.84 (m, 16H); 
13C NMR (CDCl3, δ) 82.27, 82.30, 90.4, 90.46, 90.49, 90.53, 113.16, 113.22, 113.6, 114.0, 120.3, 
120.4, 125.6, 125.8, 126.46, 126.53, 126.6, 126.7, 128.2, 128.3, 128.7, 128.8, 134.7, 134.77, 134.81, 
134.84, 143.1, 143.2, 148.0, 148.2, 148.8, 148.95, 149.03, 149.35, 149.40, 149.6, 150.3, 150.6; 
IR (ATR) 3062, 3008, 1602, 1499, 1449, 1308, 1180, 1109, 988, 907, 866, 847, 747, 723, 699 cm–1; 
























Synthesis of cycloadduct 70a: 
A mixture of cycloadduct 50 (286 mg, 0.598 mmol), dimethylmaleate 69 (0.60 mL, 4.8 mmol) and 
3,6-di(2-pyridyl)-1,2,4,5-tetrazine (6) (584 mg, 2.47 mmol) in CHCl3 (2.0 mL) was heated at 60 ºC for 
5 h.  After being cooled to room temperature, the solvent was removed in vacuo.  The residue was 
purified by silica-gel flash column chromatography (CHCl3 →  CHCl3/acetone = 98/2 → hexane/ 




1H NMR (CDCl3, δ) 2.77–3.76 (m, 16H), 5.34–5.56 (m, 4H), 7.26–7.35 (m, 3H), 7.43–7.63 (m, 6H), 
7.85–7.92 (m, 4H); 
13C NMR (CDCl3, δ) 47.5, 47.57, 47.62, 47.7, 48.0, 48.1, 49.1, 49.2, 49.3, 51.1, 51.3, 51.5, 52.3, 80.58, 
80.62, 80.75, 80.81, 80.9, 81.0, 81.1, 90.3, 90.5, 90.6, 90.9, 112.5, 112.7, 114.1, 114.3, 114.5, 114.6, 
114.8, 126.3, 126.6, 126.8, 127.1, 127.4, 127.6, 128.2, 128.47, 128.54, 128.6, 128.7, 128.79, 128.84, 
128.9, 130.1, 133.4, 134.47, 134.48, 135.1, 141.0, 141.1, 141.16, 141.22, 141.25, 141.29, 141.3, 142.6, 
142.8, 142.9, 149.8, 149.97, 150.03, 150.3, 150.4, 150.5, 150.6, 150.8, 151.06, 151.11, 151.2, 151.4, 
169.4, 169.5, 169.7, 171.38, 17142, 171.49, 171.54; 
IR (ATR) 3019, 2952, 2845, 1742, 1726, 1605, 1500, 1450, 1437, 1338, 1310, 1266, 1214, 1173, 1078, 
989, 887, 857, 745, 703 cm–1; 
HRMS (ESI) m/z 737.1988 (737.1999 calcd for C42H34NaO11 [M+Na]+). 
 
Synthesis of cycloadduct 70b: 
A mixture of cycloadduct 50 (225 mg, 0.470 mmol), fumaronitrile 71 (131 mg, 1.68 mmol), and 
3,6-di(2-pyridyl)-1,2,4,5-tetrazine (6) (383 mg, 1.62 mmol) in toluene (3.0 mL) was heated at 80 ºC 
for 2 h.  After being cooled to room temperature, the solvent was removed in vacuo. The residue was 
purified by silica-gel flash column chromatography (CHCl3/acetone = 96/4 → CHCl3) to give 













































1H NMR (CDCl3, δ) 2.67–2.80 (m, 2H), 3.32–3.47 (m, 2H), 5.58–5.63 (m, 4H), 7.29–7.66 (m, 10H) 
7.83–7.93 (m, 4H); 
13C NMR (CDCl3, δ) 35.7, 35.76, 35.78, 35.83, 36.2, 36.4, 36.5, 36.79, 36.82, 80.31, 80.34, 80.4, 80.6, 
82.77, 82.79, 82.83, 83.0, 90.0, 90.1, 90.3, 90.5, 90.6, 92.0, 112.77, 112.83, 113.0, 113.3, 114.4, 114.6, 
115.09, 115.11, 115.3, 115.5, 116.0, 118.0, 118.3, 125.98, 126.03, 126.7, 126.8, 128.3, 128.78, 128.80, 
129.05, 129.09, 129.2, 129.5, 132.9, 133.1, 133.29, 133.34, 133.75, 133.78, 138.5, 138.6, 138.8, 139.0, 
139.1, 140.2, 140.3, 140.4, 140.46, 140.50, 151.2, 151.6, 151.9, 151.96, 151.98, 152.1, 152.2, 152.3, 
152.4, 152.5, 153.6, 154.0; 
IR (ATR) 3019, 2960, 2248, 1591, 1558, 1541, 1506, 1472, 1448, 1386, 1331, 1311, 1216, 1121, 1006, 
960, 926, 873, 848, 804, 748 cm–1; 







Synthesis of cycloadduct 74: 
To a mixture of naphthoquinone 73 (150 mg, 0.950 mmol), and 3,6-di(2-pyridyl)-1,2,4,5-tetrazine (6) 
(227 mg, 0.962 mmol) was added cycloadduct 72 (186 mg, 0.315 mmol) in CHCl3 (2.0 mL), and the 
reaction was stirred at 25 ºC. After 2 h, the solvent was removed in vacuo. The residue was purified by 
silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 40/55/5 →  CHCl3/acetone = 95/5) to 








































1H NMR (CDCl3, δ) 1.38–1.45 (m, 18H), 2.91–3.82 (m, 4H), 5.61–5.81 (m, 4H), 6,72 (s, 1H), 6.72–
8.17 (m, 20H); 
13C NMR (CDCl3, δ) 31.6, 34.6, 34.7, 34.9, 49.6, 49.7, 49.9, 50.0, 50.1, 51.4, 51.55, 51.62, 51.7, 83.0, 
83.1, 83.2, 83.3, 83.8, 85.2, 86.7, 89.7, 89.9, 90.0, 90.2, 112.4, 113.1, 113.2, 113.8, 113.9, 114.3, 
114.7, 125.4, 125.5, 125.6, 125.8, 125.9, 126.3, 126.4, 126.9, 127.1, 127.2, 127.27, 127.32, 127.4, 
128.0, 129.6, 130.1, 130.4, 130.5, 130.9, 133.1, 133.3, 134.0, 134.06, 134.12, 134.2, 134.3, 134.60, 
134.62, 134.7, 135.3, 139.6, 139.66, 139.70, 139.8, 140.0, 142.19, 142.23, 142.35, 142.39, 142.6, 
150.80, 150.84, 151.0, 151.1, 151.7, 151.9, 152.2, 194.16, 194.21, 194.3, 194.4, 195.17, 195.20, 
195.3; 
IR (ATR) 3018, 2963, 2904, 2868, 1677, 1593, 1516, 1463, 1400, 1363, 1329, 1302, 1270, 1216, 1136, 
1113, 995, 948, 909, 853, 828, 795, 751 cm–1; 







Synthesis of cycloadduct x: 
To a solution of 1,2,4,5-tetrabromobenzene (43c) (2.66 g, 6.76 mmol) and isobenzofuran 16d (2.43 g, 
4.50 mmol) in chlorobenzene (30 mL) was added n-BuLi (1.60 M in n-hexane, 4.20 mL, 6.72 mmol) 
at –15 °C. After being warmed to 25 ºC and stirred for 10 min, the reaction was stopped by adding 
water. The products were extracted with EtOAc (X3), and the combined organic extracts were washed 
with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash 













































1H NMR (CDCl3, δ) 1.40 (s, 18H), 7.56 (s, 4H), 7.61 (d, 4H, J = 8.6 Hz), 7.72 (d, 4H, J = 8.6 Hz); 
13C NMR (CDCl3, δ) 31.3, 34.8, 90.0, 122.4, 126.1, 126.2, 126.5, 129.9, 150.9, 152.3; 
IR (ATR) 3040, 2960, 2902, 2866, 1615, 1577, 1515, 1458, 1419, 1355, 1342, 1268, 1152, 1094, 999, 
984, 890, 832, 796, 762 cm–1; 
HRMS (ESI) m/z 792.8915 (792.8928 calcd for C34H30Br4NaO [M+Na]+). 
 
Synthesis of cycloadduct 72: 
To a solution of cycloadduct x (2.41 g, 3.11 mmol) and furan (47) (2.15 g, 31.6 mmol) in 
chlorobenzene (15 mL) was added n-BuLi (1.60 M in n-hexane, 5.10 mL, 8.16 mmol) at –15 °C, and 
the mixture was warmed to 25 °C. The overnight reaction was stopped by adding water. The products 
were extracted with EtOAc (X3), and the combined organic extracts were washed with brine, dried 
(Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (hexane/acetone/CH2Cl2 = 79/7/14) to give cycloadduct 72 as a mixture of three 




1H NMR (CDCl3, δ) 1.38–1.49 (m, 18H), 5.53–5.56 (s, 4H), 6.89–6.97 (m, 4H), 7.21–7.26 (m, 4H), 
7.55–7.59 (m, 4H), 7.74–7.81 (m, 4H); 
13C NMR (CDCl3, δ) 31.4, 34.7, 82.35, 82.41, 90.5, 90.6, 113.7, 113.8, 114.0, 125.6, 126.5, 126.6, 
126.8, 132.0, 132.1 143.1, 143.3, 143.4, 147.90, 147.94, 148.1, 149.5, 149.6, 149.8, 151.16, 151.20, 
151.3; 
IR (ATR) 3012, 2964, 2904, 2869, 1617, 1515, 1463, 1437, 1399, 1363, 1311, 1280, 1191, 1128, 1072, 
987, 906, 866, 848, 827, 729 cm–1; 







Synthesis of pentacene 80a: 

















0 → 25 ºC
Chapter 1 
137 
cycloadduct 51a (36.6 mg, 0.0562 mmol) and CsI (105 mg, 0.404 mmol) in CHCl3 (2.0 mL) was 
added AlBr3 (1.0 M in dibromomethane, 0.15 mL, 0.150 mmol) at 0 °C, and the reaction was warmed 
to room temperature. After 5 h, the reaction was stopped by adding sat. aq. NaHCO3. The upper layer 
was removed with a syringe and the products were washed with sat. aq. NaHCO3. After removing the 
upper layer, the product was washed by brine in reactor vessel. After removing the aqueous layer, the 
residue was directly added to silica-gel with a syringe and purified by silica-gel silica-gel vacuum 
column chromatography column chromatography (hexane/CH2Cl2 = 6/4) in Ar atmosphere to give 




Mp 232.8–233.7 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.17 (dd, 2H, J1 = 3.2 Hz, J2 = 7.3 Hz), 7.29–7.36 (m, 10H), 7.40–7.46 (m, 12H), 
7.67 (dd, 2H, J1 = 3.2 Hz, J2 = 6.8 Hz), 8.17 (s, 2H); 
13C NMR (CDCl3, δ) 111.3 (dd, J1 = 5.3 Hz, J2 = 13.9 Hz), 124.8, 125.8, 126.3, 127.1, 127.2, 127.5, 
128.1, 128.4, 128.6, 128.9, 129.3, 131.0, 131.2, 137.0, 137.2, 138.1, 138.5, 149.8 (dd, J1 = 21.1 Hz, J2 
= 255.0 Hz); 
IR (ATR) 3060, 1599, 1524, 1487, 1442, 1384, 1263, 1169, 1118, 1072, 1030, 950, 876, 751 cm–1; 
HRMS (ESI) m/z 618.2133 (618.2159 calcd for C46H28F2, M+); 
Crystallographic data: C47H29Cl3F2, MW = 738.05, 0.40 x 0.27 x 0.11 mm3, monoclinic, space group 
Pc, Z = 2, T = 173(2) K, a = 7.9008(8) Å, b = 10.7871(15) Å, c = 21.886(3) Å, β = 102.242(6)°, V = 
1822.9(4) Å3, λ(Cu Kα) = 1.54186 Å, μ = 2.629 mm–1. Intensity data were collected on a Rigaku 
R-AXIS RAPID II IP Area Detector. The structure was solved by direct methods (SHELXS97) and 
refined by the full-matrix least-squares on F2 (SHELXL97). A total of 19128 reflections were 
measured and 6451 were independent. Final R1 = 0.1029, wR2 = 0.1771 (1982 refs; I > 2σ(I)), and 
GOF = 0.808 (for all data, R1 = 0.2024, wR2 = 0.2136). 
 
 










Synthesis of pentacene 80b: 
All manipulations were carried out with a stringent exclusion of air and light. To a mixture of 
cycloadduct 51b (40.0 mg, 0.0585 mmol) and CsI (125 mg, 0.481 mmol) in CHCl3 (1.5 mL) was 
added AlBr3 (1.0 M in dibromomethane, 0.14 mL, 0.14 mmol) at 0 °C, and the reaction was warmed 
to room temperature. After 18 h, the reaction was stopped by adding sat. aq. NaHCO3. The upper layer 
was removed with a syringe and the products were washed with sat. aq. NaHCO3. After removing the 
upper layer, the product was washed by brine in reactor vessel. After removing the aqueous layer, the 
residue was directly added to silica-gel with a syringe and purified by silica-gel silica-gel vacuum 
column chromatography column chromatography (hexane/CH2Cl2 = 8/2) in Ar atmosphere to give 




Mp 284.8–285.0 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.17 (dd, 2H, J1 = 3.2 Hz, J2 = 7.1 Hz), 7.30–7.35 (m, 8H), 7.40–7.46 (m, 12H), 
7.66 (dd, 2H, J1 = 3.2 Hz, J2 = 7.1 Hz), 7.77 (s, 2H), 8.18 (s, 2H); 
13C NMR (CDCl3, δ) 124.9, 126.8, 127.1, 127.2, 127.6, 127.7, 128.1, 128.4, 128.9, 129.05, 129.13, 
129.4, 131.1, 131.2, 136.9, 137.2, 137.6, 138.4; 
IR (ATR) 3060, 1597, 1494, 1440, 1393, 1176, 1111, 1070, 1029, 984, 879, 752 cm–1; 
HRMS (ESI) m/z 650.1570 (650.1568 calcd for C46H28Cl2, M+); 
Crystallographic data: C46H28Cl2, MW = 651.58, 0.320 x 0.124 x 0.050 mm3, monoclinic, space group 
Pn, Z = 2, T = 93(2) K, a = 7.8320(8) Å, b = 13.3865(14) Å, c = 16.3760(18) Å, β = 99.161(2)°, V = 
1695.0(3) Å3, λ(Mo Kα) = 0.71075 Å, μ = 0.224 mm–1. Intensity data were collected on a Rigaku 
R-AXIS RAPID. The structure was solved by direct methods (SHELXS2014) and refined by the 
full-matrix least-squares on F2 (SHELXL2016). A total of 16992 reflections were measured and 7472 
were independent. Final R1 = 0.0798, wR2 = 0.1973 (4138 refs; I > 2σ(I)), and GOF = 0.890 (for all 
data, R1 = 0.1456, wR2 = 0.2557). 
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Figure 3. UV–Vis spectra associated with the photooxidation of pentacene 80b 
 
Synthesis of pentacene 80c: 
All manipulations were carried out with a stringent exclusion of air and light. To a mixture of 
cycloadduct 51c (38.9 mg, 0.0504 mmol) and CsI (107 mg, 0.412 mmol) in CHCl3 (1.5 mL) was 
added AlBr3 (1.0 M in dibromomethane, 0.12 mL, 0.12 mmol) at 0 °C, and the reaction was warmed 
to room temperature. After 17 h, the reaction was stopped by adding sat. aq. NaHCO3. The upper layer 
was removed with a syringe and the products were washed with sat. aq. NaHCO3. After removing the 
upper layer, the product was washed by brine in reactor vessel. After removing the aqueous layer, the 
residue was directly added to silica-gel with a syringe and purified by silica-gel vacuum column 





Mp 333.3–334.0 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.18 (dd, 2H, J1 = 3.2 Hz, J2 = 7.0 Hz), 7.30–7.35 (m, 8H), 7.40–7.46 (m, 12H), 
7.67 (dd, 2H, J1 = 3.2 Hz, J2 = 7.0 Hz), 7.96 (s, 2H), 8.18 (s, 2H); 
13C NMR (CDCl3, δ) 121.2, 125.0, 126.4, 127.1, 127.2, 127.6, 128.1, 128.2, 128.3, 128.9, 129.0, 129.4, 
131.1, 131.2, 131.3, 136.9, 137.3, 137.5, 138.4; 
IR (ATR) 3059, 1598, 1494, 1439, 1389, 1174, 1090, 946, 878, 751 cm–1; 
HRMS (DART) m/z 739.0631 (739.0636 calcd for C46H29Br2, [M+H]+); 
Crystallographic data: C46H28Br2, MW = 740.50, 0.156 x 0.055 x 0.021 mm3, monoclinic, space group 
Pn, Z = 2, T = 93(2) K, a = 7.7641(8) Å, b = 13.5483(12) Å, c = 16.5917(16) Å, β = 99.183(3)°, V = 
1722.9(3) Å3, λ(Mo Kα) = 0.71075 Å, μ = 2.385 mm–1. Intensity data were collected on a Rigaku 
R-AXIS RAPID. The structure was solved by direct methods (SHELXS2014) and refined by the 









were independent. Final R1 = 0.0450, wR2 = 0.0968 (6430 refs; I > 2σ(I)), and GOF = 1.078 (for all 
data, R1 = 0.0529, wR2 = 0.1034). 
 
 







Synthesis of pentacene 81a: 
All manipulations were carried out with a stringent exclusion of air and light. To a mixture of 
cycloadduct 52a (28.3 mg, 0.0412 mmol) and CsI (86.6 mg, 0.334 mmol) in CHCl3 (2.0 mL) was 
added AlBr3 (1.0 M in dibromomethane, 0.10 mL, 0.11 mmol) at 0 °C, and the reaction was warmed 
to room temperature. After 5 h, the reaction was stopped by adding sat. aq. NaHCO3. The upper layer 
was removed with a syringe and the products were washed with sat. aq. NaHCO3. After removing the 
upper layer, the product was washed by brine in reactor vessel. After removing the aqueous layer, the 
residue was directly added to silica-gel with a syringe and purified by silica-gel vacuum column 













































Mp 252.4-253.9 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 7.29–7.32 (m, 8H), 7.33 (dd, 4H, J1 = J2 = 10.5 Hz) 7.42–7.46 (m, 12H), 8.12 (s, 
2H); 
13C NMR (CDCl3, δ) 111.4 (dd, J1 = 4.8 Hz, J2 = 14.4 Hz), 125.7, 126.5, 127.6, 128.4, 128.7, 130.9, 
137.0, 137.9, 149.9 (dd, J1 = 20.4 Hz, J2 = 255.5 Hz);  
IR (ATR) 3053, 1599, 1555, 1475, 1441, 1378, 1293, 1237, 1137, 1074, 1028, 990, 877, 795, 753  
cm–1; 
HRMS (ESI) m/z 654.1985 (654.1971 calcd for C46H26F4, M+); 
Crystallographic data: C46H26F4, MW = 654.67, 0.07 x 0.06 x 0.02 mm3, triclinic, space group P–1, Z = 
2, T = 173(2) K, a = 10.0390(2) Å, b = 13.0700(2) Å, c = 13.4090(2) Å, α = 112.658(1)°, β = 
103.943(1)°, γ = 92.256(1)°, V = 1558.15(5) Å3, λ(Cu Kα) = 1.54186 Å, μ = 0.789 mm–1. Intensity 
data were collected on a Rigaku RAXIS-RAPID. The structure was solved by direct methods 
(SHELXS97) and refined by the full-matrix least-squares on F2 (SHELXL97). A total of 18385 
reflections were measured and 5593 were independent. Final R1 = 0.0677, wR2 = 0.1814 (2763 refs; I > 
2σ(I)), and GOF = 0.968 (for all data, R1 = 0.1144, wR2 = 0.2312). 
 
 
Figure 5. UV–Vis spectra associated with the photooxidation of pentacene 81a 
 
Synthesis of pentacene 81b: 
All manipulations were carried out with a stringent exclusion of air and light. To a mixture of 
cycloadduct 52b (28.2 mg, 0.0375 mmol) and CsI (78.1 mg, 0.301 mmol) in CHCl3 (1.0 mL) was 
added AlBr3 (1.0 M in dibromomethane, 0.090 mL, 0.090 mmol) at 0 °C, and the reaction was 
warmed to room temperature. After 18 h, the reaction was stopped by adding sat. aq. NaHCO3. The 
upper layer was removed with a syringe and the products were washed with sat. aq. NaHCO3. After 
removing the upper layer, the product was washed by brine in reactor vessel. After removing the 
aqueous layer, the residue was directly added to silica-gel with a syringe and purified by silica-gel 
vacuum column chromatography (hexane/CH2Cl2 = 8/2) in Ar atmosphere to give pentacene 81b (13.5 






Mp 341.9-342.5 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.29–7.31 (m, 8H), 7.43–7.46 (m, 12H), 7.77 (s, 4H), 8.12 (s, 2H); 
13C NMR (CDCl3, δ) 126.7, 127.7, 127.9, 128.4, 129.2, 129.5, 131.0, 137.0, 137.4;  
IR (ATR) 3021, 1591, 1494, 1441, 1421, 1390, 1375, 1176, 1111, 1072, 987, 903, 886, 754, 731 cm–1; 
HRMS (ESI) m/z 718.0803 (718.0789 calcd for C46H26Cl4, M+); 
Crystallographic data: C46H26Cl4, MW = 720.47, 0.122 x 0.071 x 0.031 mm3, triclinic, space group P–1, 
Z = 2, T = 93(2) K, a = 10.3770(13) Å, b = 12.874(2) Å, c = 13.3509(17) Å, α = 86.033(6)°, β = 
77.911(4)°, γ = 74.579(5)°, V = 1681.1(4) Å3, λ(Mo Kα) = 0.71075 Å, μ = 0.388 mm–1. Intensity data 
were collected on a Rigaku RAXIS-RAPID. The structure was solved by direct methods 
(SHELXS2014) and refined by the full-matrix least-squares on F2 (SHELXL2016). A total of 16286 
reflections were measured and 7546 were independent. Final R1 = 0.0694, wR2 = 0.1679 (4618 refs; I > 
2σ(I)), and GOF = 1.029 (for all data, R1 = 0.1153, wR2 = 0.2303). 
 
 






Synthesis of pentacene 82a: 






























cycloadduct 70a (116 mg, 0.162 mmol) in toluene (2.0 mL) was added conc. H2SO4 (2 drops with a 
Pasteur pipette) at 0 °C. After being warmed to 25 °C and stirred for further 21.5 h, the reaction was 
stopped by adding sat. aq. NaHCO3 at 0 ºC. The products were extracted with CHCl3 (X3), and the 
combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The 
residue was purified by silica-gel vacuum column chromatography (hexane/acetone = 8/2) in Ar 




Mp 332.0–333.1 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.92 (s, 12H), 7.58–7.62 (m, 4H), 7.70–7.76 (m, 6H), 8.22 (s, 4H), 8.46 (s, 4H); 
13C NMR (CDCl3, δ) 52.6, 127.6, 128.41, 128.44, 128.9, 129.7, 129.8, 131.5, 132.2, 138.3, 138.9, 
167.8; 
IR (ATR) 3020, 2951, 1719, 1624, 1457, 1437, 1378, 1294, 1252, 1218, 1117, 1058, 921, 756 cm–1; 
HRMS (ESI) m/z 685.1837 (685.1838 calcd for C42H30NaO8 [M+Na]+); 
Crystallographic data: C43H30O8, CHCl3, 0.27H2O, MW = 786.89, 0.300 x 0.030 x 0.030 mm3, 
monoclinic, space group P 2/n, Z = 8, T = 173(2) K, a = 19.9552(5) Å, b = 10.0133(3) Å, c = 
37.9678(9) Å, β = 94.992(2)°, V = 7557.9(3) Å3, λ(Cu Kα) = 1.54186 Å, μ = 2.659 mm–1. Intensity 
data were collected on a Rigaku RAXIS-RAPID. The structure was solved by direct methods 
(SHELXS97) and refined by the full-matrix least-squares on F2 (SHELXL97). A total of 74237 
reflections were measured and 13546 were independent. Final R1 = 0.1509, wR2 = 0.3766 (4433 refs; I 







Synthesis of epoxypentacene 83: 
A mixture of cycloadduct 70b (90.3 mg, 0.155 mmol), LiI (67.0 mg, 0.501 mmol) and 
1,8-diazabicyclo[5.4.0]undec-7-ene (0.79 mL, 5.3 mmol) in THF (2.0 mL) was heated at 66 °C for 3 h. 
After being cooled to room temperature, the reaction was stopped by adding water.  The products 
































O O O O
Chapter 1 
144 
(Na2SO4), and concentrated in vacuo.  The residue was purified by silica-gel flash column 
chromatography (hexane/acetone = 6/4) to give epoxypentacene 83 (81.6 mg, 96.3%) as white solids. 




Mp decomposed at 480 °C; 
1H NMR (CDCl3, δ) 7.65 (dd, 2H, J1 = J2 = 7.3 Hz), 7.75 (dd, 4H, J1 = J2 = 7.3 Hz), 7.94 (s, 4H), 8.03 
(d, 4H, J = 7.3 Hz), 8.24 (s, 4H); 
13C NMR (CDCl3, δ) 89.6, 111.2, 115.5, 120.2, 126.2, 129.5, 132.79, 132.84, 135.6, 150.1;; 
IR (ATR) 3060, 2926, 2852, 2234, 1607, 1498, 1450, 1412, 1338, 1318, 1265, 1136, 996, 913, 807, 
749 cm–1; 
HRMS(ESI) m/z 569.1370 (569.1378 calcd for C38H18N4NaO1, [M+Na]+). 
 
Synthesis of pentacene 82b: 
All manipulations were carried out with a stringent exclusion of air and light. To a mixture of 
cycloadduct 83 (82.7 mg, 0.151 mmol) and CsI (189 mg, 0.728 mmol) in CHCl3 (2.0 mL) was added 
AlBr3 (1.0 M in dibromomethane, 0.20 mL, 0.20 mmol) at room temperature. After stirring for 10 
minutes, the reaction was stopped by adding NaHCO3 aqueous at 0 ºC. The residue was filtrated and 




Mp decomposed at 480 °C; 
1H NMR (CDCl3, δ) 7.59 (m, 4H), 7.78 (m, 6H), 8.35 (s, 4H), 8.54 (s, 4H);  
The product was not enough soluble in CDCl3 to record 13C-NMR; 
IR (ATR) 3068, 2234, 1614, 1450, 1376, 1277, 1101, 1031, 988, 942, 831 cm–1; 































Synthesis of epoxypentacene 84: 
A mixture of cycloadduct 74 (500 mg, 0.585 mmol), LiI (235 mg, 1.76 mmol) and 
1,8-diazabicyclo[5.4.0]undec-7-ene (810 mL, 5.3 mmol) in THF (13 mL) was heated at 66 °C for 2 h. 
After being cooled to room temperature, the reaction was stopped by adding 2 M aq. HCl. The 
products were extracted with CHCl3 (X3), and the combined organic extracts were washed with sat. aq. 
NaHCO3 and brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by trituration 




Mp decomposed at 375 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.48 (s, 18H), 7.75 (d, 4H, J =8.5 Hz), 7.80 (dd, 4H, J1 = 3.3 Hz, J2 = .5.9 Hz), 
8.04 (d, 4H, J =8.5 Hz), 8,09 (s, 4H), 8.35 (dd, 4H, J1 = 3.3 Hz, J2 = .5.9 Hz), 8,76 (s, 4H); 
13C NMR (CDCl3, δ) 31.4, 34.9, 89.7, 121.5, 126.2, 126.6, 127.4, 129.4, 130.4, 130.6, 134.2, 134.3, 
134.7, 149.3, 152.2, 182.8; 
IR (ATR) 3068, 2957, 2929, 2868, 1674, 1586, 1420, 1383, 1322, 1277, 998, 966, 930, 826, 714 cm–1; 
HRMS (APCI) m/z 819.3135 (819.3110 calcd for C58H43O5, [M+H]+). 
 
Synthesis of nonacenetetrone 85: 
All manipulations were carried out with a stringent exclusion of air and light. A mixture of 
cycloadduct 84 (29.1 mg, 0.0355 mmol) and TsOH•H2O (26.0 mg, 0.137 mmol) in toluene (3.0 mL) 
was heated at 110 °C for 10 h. After being cooled to room temperature, the solvent was removed in 
vacuo. The residue was purified by silica-gel vacuum column chromatography (hexane/acentone = 8/2 








































Mp > 480 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.63 (s, 18H), 7.59 (d, 4H, J =8.0 Hz), 7.80–7.84 (m, 8H), 8.42 (dd, 4H, J1 = 3.2 
Hz, J2 = .5.2 Hz), 8.77 (s, 4H), 8.89 (s, 4H); 
The product was not enough soluble in CDCl3 to record 13C-NMR; 
IR (ATR) 3030, 2956, 2903, 2868, 1673, 1592, 1525, 1437, 1363, 1321, 1296, 1253, 1215, 1161, 1142, 
1103, 1016, 974, 951, 931, 830, 790, 751, 706 cm–1; 
HRMS (MALDI) m/z 802.3069 (802.3078 calcd for C58H42O4, M+); 
Crystallographic data: C60H42Cl6D2O4, MW = 1043.66, 0.050 x 0.020 x 0.010 mm3, triclinic, space 
group P–1, Z = 1, T = 93(2) K, a = 6.0853(4) Å, b = 10.7173(5) Å, c = 18.8782(10) Å, α = 79.572(3)°, 
β = 86.469(3)°, γ = 83.993(2)°, V = 1203.07(11) Å3, λ(Cu Kα) = 1.54186 Å, μ = 3.664 mm–1. Intensity 
data were collected on a Rigaku RAXIS-RAPID. The structure was solved by direct methods 
(SHELXS97) and refined by the full-matrix least-squares on F2 (SHELXL2013). A total of 14215 
reflections were measured and 4321 were independent. Final R1 = 0.1116, wR2 = 0.2468 (1233 refs; I > 







Synthesis of cycloadduct xi: 
A mixture of isobenzofuran 16c (642 mg, 1.50 mmol) and 1,4-benzoquinone (81.1 mg, 0.750 mmol) 
in EtOH (20 mL) was heated at 78 ºC for 3 h. After being cooled to room temperature, the solvent was 
removed in vacuo. The filtration was washed by haxane (X3) and MeOH (X3) at 25 °C to give 








































































Mp decomposed at 170 °C; 
1H NMR (CDCl3, δ) 3.35 (s, 2H), 4.24 (s, 2H), 6.60 (d, 4H, J =7.6 Hz), 7.12 (dd, 4H, J =7.6 Hz), 7.15 
(s, 2H), 7.27 (dd, 4H, J =7.6 Hz), 7.41 (s, 2H), 7.63–7.66 (m, 6H), 7.73–7.77 (m, 4H); 
13C NMR (CDCl3, δ) 57.8, 63.2, 88.8, 91.5, 123.0, 124.6, 124.7, 126.5, 127.8, 128.0, 128.1, 128.8, 
129.1, 129.4, 132.7, 135.1, 146.4, 147.6, 203.8; 
IR (ATR) 3063, 1714, 1605, 1496, 1448, 1355, 1287, 1213, 1177, 1089, 1004, 873, 750 cm–1. 
HRMS (ESI) m/z 982.8606 (982.8619 calcd for C46H28Br4NaO4, [M+Na]+). 
 
Synthesis of pentacenequinone xii: 
A mixture of cycloadduct xi (645 mg, 0.669 mmol) and TsOH•H2O (256 mg, 1.35 mmol) in toluene 
(7.0 mL) was heated at 110 ºC for 12 h. After being cooled to room temperature, the solvent was 
removed in vacuo. The filtration was washed by MeOH (X3) at 25 °C to give essentially pure 




Mp decomposed at 350 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.18–7.22 (m, 8H), 7.37–7.41 (m, 12H), 7.84 (s, 4H); 
13C NMR (CDCl3, δ) 125.9, 127.8, 128.2, 129.9, 132.7, 134.3, 135.9, 139.1, 187.7; 
IR (ATR) 3058, 1696, 1599, 1493, 1442, 1373, 1327, 1180, 1073, 949, 889, 752 cm–1; 
HRMS (ESI) m/z 946.8419 (946.8408 calcd for C46H24Br4NaO2, [M+Na]+). 
 
Synthesis of diol xiii: 
To a solution of pentacenequinone xii (282 mg, 0.304 mmol) in THF–EtOH (4.0 mL–3.0 mL) was 
added NaBH4 (57.8 mL, 1.55 mmol) at 0 °C, and the reaction was warmed to room temperature. After 
17 h, the reaction was stopped by adding water. The products were extracted with CHCl3 (X3), and the 
combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. The 
residue was purified by silica-gel flash column chromatography (hexane/CHCl3 = 4/6 → 3/7 → 2/8 → 




Mp decomposed at 250 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.62 (d, 2H, J =5.3 Hz), 5.98 (d, 2H, J =5.3 Hz), 7.24–7.28 (m, 4H), 7.37–7.44 




































13C NMR (CDCl3, δ) 64.7, 122.9, 127.8, 128.3, 128.7, 129.2, 130.8, 131.1, 132.6, 133.3, 137.1, 138.6; 
IR (ATR) 3572, 3053, 3006, 2963, 2924, 2851, 1600, 1554, 1494, 1458, 1440, 1404, 1329, 1308, 1216, 
1105, 1072, 1029, 958, 906, 881, 753 cm–1. 
HRMS (ESI) m/z 950.8720 (950.8721 calcd for C46H28Br4NaO2, [M+Na]+). 
 
Synthesis of pentacene 81c: 
All manipulations were carried out with a stringent exclusion of air and light. A mixture of diol xiii 
(170 mg, 0.182 mmol) and SnCl2 (206 mg, 1.09 mmol) in THF–MeCN (1:1, 18 mL) was refluxed for 
1 h. After being cooled to room temperature, the reaction mixture filtered through a Celite® pad and 
the pad was washed with CHCl3. After the solvent was removed in vacuo, the filtration was washed by 




Mp 346.0–346.8 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.28–7.31 (m, 8H), 7.43–7.46 (m, 12H), 7.97 (s, 4H), 8.15 (s, 2H); 
13C NMR (CDCl3, δ) 121.6, 126.8, 127.7, 128.4, 128.5, 129.3, 131.0, 131.3, 137.1, 137.3; 
IR (ATR) 3056, 1581, 1494, 1440, 1412, 1386, 1176, 1090, 956, 884, 752 cm–1; 
HRMS (ESI) m/z 893.8769 (893.8768 calcd for C46H26Br4, M+); 
Crystallographic data: C96H56Br8Cl12, MW = 2274.08, 0.242 x 0.081 x 0.008 mm3, orthorhombic, space 
group Pbcn, Z = 2, T = 189(2) K, a = 12.2998(4) Å, b = 27.1624(7) Å, c = 13.4201(5) Å, V = 
4483.5(3) Å3, λ(Cu Kα) = 1.54186 Å, μ = 7.938 mm–1. Intensity data were collected on a Rigaku 
R-AXIS RAPID-II IP Area Detector. The structure was solved by direct methods (SHELXT 2014) and 
refined by the full-matrix least-squares on F2 (SHELXL 2016). A total of 25567 reflections were 
measured and 4102 were independent. Final R1 = 0.0632, wR2 = 0.1778 (3282 refs; I > 2σ(I)), and 
GOF = 1.083 (for all data, R1 = 0.0719, wR2 = 0.1882). 
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Figure 8. UV–Vis spectra associated with the photooxidation of pentacene 81c 
 
 













General Procedure for the synthesis of diepoxytetracene; 
Synthesis of diepoxytetracene 89:   A mixture of epoxynaphthalene 51 (37.9 mg, 0.263 mmol) and 
isobenzofuran 9 (54.2 mg, 0.201 mmol) in toluene (2.0 mL) was heated at 110 °C for 30 min. After 
being cooled to room temperature, the solvent was evaporated in vacuo. The residue was purified by 
PTLC (hexane/EtOAc = 95/5, X3) to give cycloadduct 89 (80.0 mg, 96.0%) as a mixture of 
diastereomers (89A/89B = 75/25). The diastereomers were separated by PTLC (hexane/CH2Cl2 = 4/6) 
to afford 89A and 89B (54.6 and 18.4 mg, 87.6%) as white solids, respectively. 
 
 
cycloadduct 89A (syn-exo) 
Mp 131.1–131.7 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.67 (s, 2H), 5.10 (s, 2H), 7.03–7.07 (m, 6H), 7.16 (dd, 2H, J1 = 3.1, J2 = 5.1 Hz), 
7.42–7.48 (m, 2H), 7.55–7.61 (m, 4H), 7.79–7.83 (m, 4H); 
13C NMR (CDCl3, δ) 56.7, 80.0, 89.7, 118.6, 119.1, 126.2, 126.5, 126.7, 127.7, 128.8, 136.8, 146.8, 
149.3; 
IR (ATR) 3029, 2959, 1603, 1497, 1456, 1349, 1306, 1272, 1228, 1214, 1147, 1021, 1002, 958, 909, 
858, 840, 803, 747, 735 cm–1; 
HRMS (ESI) m/z 437.1515 (437.1517 calcd for C30H22NaO2, [M+Na]+); 
Crystallographic data: C30H22O2, MW = 414.48, 0.40 x 0.04 x 0.04 mm3, triclinic, space group P–1, Z 
= 4, T = 173(2) K, a = 11.7482(8) Å, b = 13.7728(8) Å, c = 15.9289(9) Å, α = 102.716(2)°, β = 
104.883(2)°, γ = 113.218(2)°, V = 2134.1(2) Å3, λ(Mo Kα) = 0.71075 Å, μ = 0.079 mm–1. Intensity 
data were collected on a Rigaku R-AXIS RAPID. The structure was solved by direct methods 
(SHELXS97) and refined by the full-matrix least-squares on F2 (SHELXL97). A total of 20870 
reflections were measured and 9629 were independent. Final R1 = 0.0626, wR2 = 0.1486 (6070 refs; I > 






                                                













89A (syn-exo) 89B (anti-endo)5 9








cycloadduct 89B (anti-endo) 
Mp 273.3–273.9 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.18 (s, 2H), 5.02 (s, 2H), 7.01 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.09 (dd, 2H, J1 = 
3.1, J2 = 5.5 Hz), 7.19–7.24 (m, 4H), 7.39–7.46 (m, 2H), 7.47–7.54 (m, 4H), 7.70–7.74 (m, 4H); 
13C NMR (CDCl3, δ) 56.8, 78.8, 89.1, 119.0, 119.5, 126.4, 126.6, 127.2, 128.1, 128.5, 138.8, 146.6, 
146.7; 
IR (ATR) 3027, 2987, 1605, 1496, 1458, 1446, 1362, 1332, 1286, 1263, 1228, 1196, 1155, 1030, 997, 
980, 904, 843, 774, 747 cm–1; 
HRMS (ESI) m/z 437.1537 (437.1517 calcd for C30H22NaO2, [M+Na]+); 
Crystallographic data: C30H22O2, MW = 414.48, 0.12 x 0.08 x 0.05 mm3, triclinic, space group P–1, Z 
= 4, T = 173(2) K, a = 10.4480(2) Å, b = 12.7886(2) Å, c = 16.6149(3) Å, α = 84.832(1)°, β = 
71.771(1)°, γ = 84.180(1)°, V = 2093.72(6) Å3, λ(Cu Kα) = 1.54186 Å, μ = 0.634 mm–1. Intensity data 
were collected on a Rigaku R-AXIS RAPID. The structure was solved by direct methods (SHELXS97) 
and refined by the full-matrix least-squares on F2 (SHELXL97). A total of 24713 reflections were 
measured and 7524 were independent. Final R1 = 0.0465, wR2 = 0.1267 (5681 refs; I > 2σ(I)), and 







Synthesis of diepoxytetracene 106a: 
A mixture of epoxynaphthalene 104a1 (42.6 mg, 0.247 mmol) and isobenzofuran 9 (54.3 mg, 0.201 
mmol) in toluene (2.0 mL) was heated at 110 °C for 26 h. After being cooled to room temperature, the 
solvent was evaporated in vacuo. The residue was purified by PTLC (hexane/EtOAc = 95/5) to give 
cycloadduct 106aB (72.5 mg, 81.6%) as white solids. 
 
 
cycloadduct 106aB (anti-endo) 
Mp 215.8–216.7 °C (MeOH/silica-gel); 
1H NMR (CDCl3, δ) 1.70 (s, 6H), 3.52 (s, 2H), 7.10 (dd, 2H, J1 = 3.0, J2 = 5.4 Hz), 7.20–7.22 (m, 4H), 
7.27 (dd, 2H, J1 = 3.0, J2 = 5.4 Hz), 7.38–7.48 (m, 6H), 7.47–7.54 (m, 4H); 
                                                




















106A (syn-exo) 106B (anti-endo)104 9













13C NMR (CDCl3, δ) 15.1, 59.1, 83.6, 89.6, 117.6, 121.3, 126.5, 126.7, 128.3, 128.6, 128.7, 137.8, 
147.9, 150.3; 
IR (ATR)   3046, 2989, 2939, 1604, 1497, 1446, 1382, 1357, 1324, 1264, 1171, 1106, 980, 910, 855, 
793, 751, 734 cm–1; 
HRMS (ESI) m/s 465.1801 (465.1830 calcd for C32H26NaO2, [M+Na]+); 
Crystallographic data: C32H26O2, MW = 442.53, 0.15 x 0.13 x 0.09 mm3, monoclinic, space group C 
2/c, Z = 8, T = 173(2) K, a = 18.7980(6) Å, b = 13.5903(5) Å, c = 19.5420(7) Å, β = 108.3710(10)°, V 
= 4738.0(3) Å3, λ(Mo Kα) = 0.71075 Å, μ = 0.076 mm–1. Intensity data were collected on a Rigaku 
R-AXIS RAPID. The structure was solved by direct methods (SHELXS97) and refined by the 
full-matrix least-squares on F2 (SHELXL97). A total of 35529 reflections were measured and 5357 
were independent. Final R1 = 0.0440, wR2 = 0.1106 (4589 refs; I > 2σ(I)), and GOF = 1.069 (for all 
data, R1 = 0.0510, wR2 = 0.1157). 
 
Synthesis of diepoxytetracene 106b: 
A mixture of epoxynaphthalene 104b1 (72.7 mg, 0.245 mmol) and isobenzofuran 9 (54.3 mg, 0.201 
mmol) in toluene (2.0 mL) was heated at 110 °C for 4 h. After being cooled to room temperature, the 
solvent was evaporated in vacuo. The residue was purified by PTLC (hexane/EtOAc = 95/5) to give 
cycloadduct 106bB (115 mg, quant.) as white solids. 
 
 
cycloadduct 106bB (anti-endo) 
Mp 285.3–285.7 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 4.10 (s, 2H), 6.60 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.01–7.05 (m, 4H), 7.11 (dd, 2H, 
J1 = 3.1, J2 = 5.5 Hz), 7.19–7.31 (m, 16H), 7.45–7.49 (m, 4H); 
13C NMR (CDCl3, δ) 61.8, 87.8, 88.7, 118.7, 122.8, 125.9, 126.6, 127.4, 127.8, 127.9, 128.1, 135.0, 
137.5, 144.6, 149.7; 
IR (ATR) 3059, 2950, 2853, 1602, 1497, 1447, 1357 1318, 1253, 1184, 1157, 1048, 1004, 991, 907, 
830, 798, 749, 730 cm–1; 
HRMS (ESI) m/z 589.2150 (589.2143 calcd for C42H30NaO2, [M+Na]+); 
Crystallographic data: C42H30O2, MW = 566.66, 0.03 x 0.03 x 0.02 mm3, monoclinic, space group P 
21/c, Z = 4, T = 173(2) K, a = 10.5584(2) Å, b = 9.5420(2) Å, c = 29.2511(5) Å, β = 91.525(1)°, V = 
2945.95(10) Å3, λ(Cu Kα) = 1.54186 Å, μ = 0.598 mm–1. Intensity data were collected on a Rigaku 
R-AXIS RAPID II. The structure was solved by direct methods (SHELXS97) and refined by the 
full-matrix least-squares on F2 (SHELXL97). A total of 33671 reflections were measured and 5331 
were independent. Final R1 = 0.0768, wR2 = 0.1988 (2803 refs; I > 2σ(I)), and GOF = 1.132 (for all 




                                                
1 (a) D. H. Kim, S. U. Son, Y. K. Chung, Org. Lett. 2003, 5, 3151. (b) D. H. Kim, J. A. Lee, S. U. Son, Y. K. 













Synthesis of diepoxytetracene 107a: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (37.6 mg, 0.261 
mmol) and isobenzofuran 14 (55.4 mg, 0.201 mmol) gave, after purified by PTLC (hexane/EtOAc = 
6/4), cycloadduct 107a (65.9 mg, 78.1%) as a mixture of diastereomers (107aA/107aB = 43/57). The 
diastereomers were separated by PTLC (hexane/EtOAc = 8/2, X2) to afford 107aA and 107aB as 
white solids, respectively. 
 
 
cycloadduct 107aA (syn-exo) 
Mp 215.1–215.7 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 2.07 (s, 2H), 5.44 (s, 2H), 5.46 (s, 2H), 7.09 (dd, 2H, J1 = 3.0, J2 = 5.4 Hz), 7.22 
(dd, 2H, J1 = 3.0, J2 = 5.3 Hz), 7.47 (s, 2H); 
13C NMR (CDCl3, δ) 50.9, 80.9, 81.2, 119.2, 122.4, 124.6, 126.8, 146.2, 147.5; 
IR (ATR) 3056, 2996, 1566, 1458, 1440, 1360, 1324, 1252, 1088, 993, 909, 863, 766, 731 cm–1; 
HRMS (DART) m/z 418.9280 (418.9282 calcd for C18H13Br2O2, [M+H]+). 
 
 
cycloadduct 107aB (anti-endo) 
Mp 241.9–242.9 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 2.83 (dd, 2H, J1 = 1.8, J2 = 3.4 Hz), 4.74 (s, 2H), 5.28 (dd, 2H, J1 = 1.8, J2 = 3.4 
Hz), 7.10 (dd, 2H, J1 = 3.2, J2 = 5.3 Hz), 7.16 (dd, 2H, J1 = 3.2, J2 = 5.3 Hz), 7.51 (s, 2H); 
13C NMR (CDCl3, δ) 50.2, 79.7, 119.1, 122.8, 124.6, 126.7, 145.0, 146.5; 
IR (ATR) 3056, 2995, 2949, 1572, 1459, 1339, 1217, 1182, 1016, 979, 888, 858, 757, 725 cm–1; 
HRMS (DART) m/z 418.9287 (418.9282 calcd for C18H13Br2O2, [M+H]+). 
 
Synthesis of diepoxytetracene 107b: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 104a (44.7 mg, 0.246 
mmol) and isobenzofuran 14 (55.3 mg, 0.201 mmol) gave, after purified by PTLC (hexane/EtOAc = 
95/5), cycloadducts 107bA and 107bB (34.2 mg and 21.8 mg, 62.4%, 107bA/107bB = 35/65) as 




































cycloadduct 107bA (syn-exo) 
Mp 296.0–296.5 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 1.94 (s, 6H), 1.99 (s, 2H), 5.46 (s, 2H), 7.11–7.13 (m, 4H), 7.47 (s, 2H); 
13C NMR (CDCl3, δ) 14.5, 55.7, 78.7, 85.0, 117.7, 122.3, 124.5, 126.8, 147.7, 149.8; 
IR (ATR) 3003, 2976, 2933, 1567, 1441, 1383, 1325, 1266, 1173, 1087, 1013, 909, 859, 758, 729  
cm–1; 
HRMS (DART) m/z 446.9595 (446.9595 calcd for C20H17Br2O2, [M+H]+). 
 
 
cycloadduct 107bB (anti-endo) 
Mp 128.5–129.3 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 1.63 (s, 6H), 2.84 (dd, 2H, J1 = 1.8, J2 = 3.5 Hz), 5.19 (dd, 2H, J1 = 1.8, J2 = 3.5 
Hz), 7.09 (dd, 2H, J1 = 3.0, J2 = 5.3 Hz), 7.15 (dd, 2H, J1 = 3.0, J2 = 5.3 Hz), 7.60 (s, 2H); 
13C NMR (CDCl3, δ) 14.1, 55.4, 79.9, 83.6, 117.6, 122.2, 125.9, 126.7, 146.1, 150.2; 
IR (ATR) 3023, 2965, 2931, 1573, 1456, 1381, 1345, 1265, 1199, 1171, 1092, 1013, 963, 908, 857, 
824, 755, 734 cm–1; 
HRMS (DART) m/z 446.9587 (446.9595 calcd for C20H17Br2O2, [M+H]+). 
 
Synthesis of diepoxytetracene 107c: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 104b (71.3 mg, 
0.241 mmol) and isobenzofuran 14 (55.4 mg, 0.201 mmol) gave, after purified by PTLC 
(hexane/EtOAc = 95/5, X2), cycloadducts 107cA and 107cB (1.4 mg and 90.9 mg, 80.3%, 
107cA/107cB = 2/98) as white solids, respectively. 
 
 
cycloadduct 107cA (syn-exo) 
Mp 338.1–338.5 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 2.69 (s, 2H), 5.06 (s, 2H), 7.07 (s, 4H), 7.45 (s, 2H), 7.47 (dd, 2H, J1 = J2 = 7.6 
Hz), 7.59 (dd, 4H, J1 = J2 = 7.6 Hz), 7.76–7.79 (m, 4H); 
13C NMR (CDCl3, δ) 56.4, 79.7, 89.7, 118.7, 122.3, 124.6, 126.1, 126.9, 127.9, 128.9, 136.5, 147.8, 
148.9; 
IR (ATR) 3007, 2954, 1602, 1567, 1498, 1449, 1349, 1308, 1216, 1088, 1004, 860, 801, 741, 701  
cm–1; 























cycloadduct 107cB (anti-endo) 
Mp 259.5–260.3 °C (MeOH/CHCl3); 
1H NMR (CDCl3, 50 °C, δ) 3.52 (dd, 2H, J1 = 1.8, J2 = 3.4 Hz), 5.11 (dd, 2H, J1 = 1.8, J2 = 3.4 Hz), 
6.20 (s, 2H), 6.89 (dd, 2H, J1 = 3.0, J2 = 5.3 Hz), 7.04 (dd, 2H, J1 = 3.0, J2 = 5.3 Hz), 7.39 (d, 4H, J = 
7.2 Hz), 7.43 (dd, 2H, J1 = J2 = 7.2 Hz), 7.50 (dd, 4H, J1 = J2 = 7.2 Hz); 
13C NMR (CDCl3, 50 °C, δ) 55.0, 80.3, 87.9, 118.6, 121.8, 126.0, 126.6, 126.9, 128.0, 128.4, 136.2, 
144.2, 149.7; 
IR (ATR) 3027, 2950, 1602, 1572, 1498, 1448, 1349, 1306, 1191, 1089, 1041, 993, 885, 846, 818, 744 
cm–1; 







Synthesis of diepoxytetracene 89: 
A mixture of epoxynaphthalene 5 (43.3 mg, 0.300 mmol) and 3,6-di(2-pyridyl)-1,2,4,5-tetrazine (6) 
(71.6 mg, 0.303 mmol) in toluene (1.5 mL) was heated at 50 °C. After 30 min, epoxynaphthalene 
104b (113 mg, 0.381 mmol) in toluene (1.5 mL) was added to the mixture, and the reaction was 
heated at 110 °C for further 30 min. After being cooled to room temperature, the solvent was 
evaporated in vacuo. The residue was purified by PTLC (hexane/EtOAc = 9/1) to give cycloadduct 89 
(97.3 mg, 78.3%) as a mixture of diastereomers (89A/89C = 40/60). The diastereomers were 
separated by PTLC (toluene) to afford 89A and 89C as white solids, respectively. 
 
 
cycloadduct 89C (anti-endo) 
Mp 113.1–113.3 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.56 (dd, 2H, J1 = 1.7, J2 = 3.5 Hz), 5.23 (dd, 2H, J1 = 1.7, J2 = 3.5 Hz), 6.08 (dd, 















































13C NMR (CDCl3, δ) 54.7, 80.6, 87.8, 118.4, 120.5, 125.7, 126.55, 126.58, 127.6, 128.2, 136.6, 143.1, 
150.1; 
IR (ATR) 3003, 2960, 1602, 1498, 1450, 1362, 1305, 1272, 1215, 1154, 1040, 992, 908, 882, 849, 818, 
746 cm–1; 







Synthesis of diepoxytetracene 109a: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (34.7 mg, 0.241 
mmol) and isobenzofuran 108a (61.3 mg, 0.200 mmol) gave, after purified by PTLC 
(hexane/CH2Cl2/Et2O = 40/55/5), cycloadduct 109a (84.8 mg, 94.0%) as a mixture of diastereomers 
(109aA/109aB = 75/25). The diastereomers were separated by PTLC (hexane/EtOAc = 9/1, X3) to 
afford 109aA and 109aB as white solids, respectively. 
 
 
cycloadduct 109aA (syn-exo) 
Mp 238.3–238.5 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.64 (s, 2H), 5.08 (s, 2H), 6.99–7.08 (m, 6H), 7.16 (dd, 2H, J1 = 3.1, J2 = 5.2 Hz), 
7.24–7.31 (m, 4H), 7.74–7.79 (m, 4H); 
13C NMR (CDCl3, δ) 56.8, 79.9, 89.4, 115.8 (d, JC–F = 21.7 Hz), 118.5, 119.1, 126.6, 126.8, 127.9 (d, 
JC–F = 8.7 Hz), 132.5 (d, JC–F = 2.9 Hz), 146.5, 149.0, 162.4 (d, JC–F = 246.4 Hz); 
IR (ATR) 3059, 2990, 1612, 1509, 1455, 1353, 1308, 1217, 1156, 1100, 1035, 1002, 958, 876, 828, 
812, 795, 764, 750, 740 cm–1; 















109A (syn-exo) 109B (anti-endo)5 108









cycloadduct 109aB (anti-endo) 
Mp 271.8–272.5 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.16 (s, 2H), 4.97 (s, 2H), 6.97 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.11 (dd, 2H, J1 = 
3.1, J2 = 5.5 Hz), 7.16–7.26 (m, 8H), 7.64–7.70 (m, 4H); 
13C NMR (CDCl3, δ) 56.8, 78.7, 88.9, 115.5 (d, JC–F = 20.9 Hz), 119.1, 119.4, 126.8, 127.4, 128.3 (d, 
JC–F = 7.9 Hz), 134.4 (d, JC–F = 2.9 Hz), 146.4, 146.5, 162.7 (d, JC–F = 247.1 Hz); 
IR (ATR) 3069, 2999, 1613, 1511, 1457, 1410, 1364, 1335, 1300, 1267, 1218, 1157, 1000, 907, 840, 
827, 814, 764, 727 cm–1; 
HRMS (FAB) m/z 451.1507 (451.1510 calcd for C30H21F2O2, [M+H]+). 
 
Synthesis of diepoxytetracene 109b: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (34.7 mg, 0.241 
mmol) and isobenzofuran 108b (66.3 mg, 0.201 mmol) gave, after purified by PTLC (hexane/EtOAc 
= 85/15, X3), cycloadduct 109b (90.7 mg, 95.0%) as a mixture of diastereomers (109bA/109bB = 
76/24). The diastereomers were separated by PTLC (toluene/CH2Cl2/Et2O = 94/2/4, X2) to afford 
109bA and 109bB as white solids, respectively. 
 
 
cycloadduct 109bA (syn-exo) 
Mp 252.1–252.5 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.62 (s, 2H), 3.91 (s, 6H), 5.13 (s, 2H), 7.02–7.03 (m, 4H), 7.05 (dd, 2H, J1 = 3.1, 
J2 = 5.5 Hz), 7.11 (d, 4H, J = 8.6 Hz), 7.17 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.71 (d, 4H, J = 8.6 Hz); 
13C NMR (CDCl3, δ) 55.4, 56.7, 80.0, 89.5, 114.2, 118.5, 119.1, 126.5, 126.6, 127.4, 129.0, 146.7, 
149.6, 159.0; 
IR (ATR) 3068, 3008, 2958, 2838, 1615, 1517, 1457, 1352, 1305, 1249, 1215, 1174, 1034, 1003, 932, 
828, 804, 748 cm–1; 















cycloadduct 109bB (anti-endo) 
Mp 331.6–332.0 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.18 (s, 2H), 3.86 (s, 6H), 4.95 (s, 2H), 6.97 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.02 
(d, 4H, J = 8.6 Hz), 7.10 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.19–7.24 (m, 4H), 7.61 (d, 4H, J = 8.6 Hz); 
13C NMR (CDCl3, δ) 55.3, 56.5, 78.7, 89.0, 113.9, 119.0, 119.5, 126.6, 127.1, 128.0, 130.8, 146.8, 
147.0, 159.5; 
IR (ATR) 3045, 3001, 2952, 2836, 1613, 1516, 1459, 1330, 1288, 1249, 1177, 1033, 1000, 912, 847, 
828, 774, 737 cm–1; 
HRMS (FAB) m/z 475.1906 (475.1909 calcd for C32H27O4, [M+H]+). 
 
 
Synthesis of diepoxytetracene 109c: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (34.6 mg, 0.240 
mmol) and isobenzofuran 108c1 (59.6 mg, 0.200 mmol) gave, after purified by PTLC (hexane/AcOEt 
= 9/1), cycloadduct 109c (72.1 mg, 81.5%) as a mixture of diastereomers (109cA/109cB = 80/20). 
The diastereomers were separated by PTLC (hexane /Et2O = 95/5, X7) to afford 109cA and 109cB as 




                                                




To a solution of methyl 2-formylbenzoate a (1.04 g, 6.34 mmol) in THF (10 mL) was added o-tolylmagnesium 
bromide b (1.0 M in THF, 20.0 mL, 20 mmol) at –78 °C, and the reaction was warmed up to 0 °C. CF3CO2H 
(3.49 g, 30.6 mmol) was added to the mixture at same temperature, and the reaction was warmed up to room 
temperature. After 2 h, the reaction was stopped by adding sat. aq. NaHCO3. The products were extracted with 
EtOAc (X3), washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by 
silica-gel flash columun chromatography (hexane/Et2O = 98/2) to give isobenzofuran 108c (1.62 g, 85.6%). 
Recrystallization from hexane/chloroform gave 108c as pale yellow solids.  Mp 91.4–91.8 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.52 (s, 6H), 6.93 (dd, 2H, J1 = 2.8, J2 = 6.9 Hz), 7.23–7.34 (m, 6H), 7.53 (dd, 2H, J1 = 2.8, 
J2 = 6.9 Hz), 7.59–7.63 (m, 2H);  13C NMR (CDCl3, δ) 21.3, 119.9, 122.3, 124.5, 125.8, 127.9, 129.3, 130.5, 
131.2, 136.5, 145.3;  IR (ATR) 3060, 2962, 2925, 1599, 1485, 1458, 1381, 1302, 1263, 1200, 1159, 1113, 1048, 





















cycloadduct 109cA (syn-exo) 
Mp 229.3–229.9 °C (hexane/CHCl3); 
1H NMR (CDCl3, 50 °C, δ) 2.59 (br s, 6H), 2.85 (br s, 2H), 5.10 (br s, 2H), 6.91 (br s, 2H), 6.97 (br dd, 
2H, J1 = 3.1, J2 = 5.2 Hz), 7.04 (dd, 2H, J1 = 3.1, J2 = 5.2 Hz), 7.29–7.39 (m, 6H), 7.88 (br s, 4H); 
13C NMR (CDCl3, 50 °C, δ) 22.5, 55.7, 80.5, 90.0 (br), 118.9, 119.5, 126.4, 126.6, 127.9, 128.3, 131.8 
(br), 135.4 (br), 147.1, 149.1 (br); 
IR (ATR) 3008, 2954, 2868, 1605, 1488, 1456, 1384, 1294, 1266, 1217, 1154, 1023, 1000, 988, 938, 
886, 859, 845, 810, 760, 739, 719 cm–1; 
HRMS (ESI) m/z 465.1851 (465.1830 calcd for C32H26NaO2, [M+Na]+). 
 
 
cycloadduct 109cB (anti-endo) 
Mp 246.9–247.3 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.29 (s, 6H), 3.35 (s, 2H), 4.93 (s, 2H), 6.84 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.15 
(dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.20 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.24–7.28 (m, 2H), 7.31–7.37 (m, 
6H), 7.65–7.69 (m, 2H); 
13C NMR (CDCl3, δ) 22.4, 55.3, 79.2, 90.9, 119.0, 119.5, 125.5, 126.7, 127.3, 128.3, 128.7, 132.2, 
135.2, 139.2, 145.1, 147.0; 
IR (ATR) 3015, 2928, 2853, 1604, 1491, 1456, 1353, 1324, 1261, 1228, 1042, 998, 973, 930, 910, 847, 
773, 746, 722, 713 cm–1; 







Synthesis of diepoxytetracene 110a: 


































mmol) and isobenzofuran 16a (61.3 mg, 0.200 mmol) gave, after purified by PTLC 
(hexane/CH2Cl2/Et2O = 40/55/5), cycloadduct 110a (77.9 mg, 86.5%) as a mixture of diastereomers 
(110aA/110aB = 57/43). The diastereomers were separated by PTLC (hexane/toluene/CH2Cl2/Et2O = 
75/10/10/5, X3) to afford 110aA and 110aB as white solids, respectively. 
 
 
cycloadduct 110aA (syn-exo) 
Mp 207.8–208.2 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.65 (s, 2H), 5.08 (s, 2H), 6.85 (dd, 2H, J1 = J2 = 7.9 Hz), 7.06 (dd, 2H, J1 = 3.1, 
J2 = 5.1 Hz), 7.17 (dd, 2H, J1 = 3.1, J2 = 5.1 Hz), 7.44–7.51 (m, 2H), 7.56–7.62 (m, 4H), 7.74–7.78 (m, 
4H); 
13C NMR (CDCl3, δ) 56.6, 79.9, 89.5, 108.8 (dd, J1 = 8.0, J2 = 13.0 Hz), 119.2, 125.9, 126.7, 128.1, 
129.0, 136.0, 145.4 (dd, J1 = J2 = 4.4 Hz), 146.6, 149.1 (dd, J1 = 15.2, J2 = 250.0 Hz); 
IR (ATR) 3068, 3003, 2973, 1615, 1498, 1476, 1449, 1428, 1366, 1305, 1248, 1211, 1173, 1071, 1011, 
921, 889, 862, 809, 750, 739 cm–1; 
HRMS (FAB) m/z 451.1506 (451.1510 calcd for C30H21F2O2, [M+H]+). 
 
 
cycloadduct 110aB (anti-endo) 
Mp 221.3–222.0 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.17 (s, 2H), 5.03 (s, 2H), 6.80 (dd, 2H, J1 = J2 = 7.9 Hz), 7.12 (dd, 2H, J1 = 3.1, 
J2 = 5.5 Hz), 7.25 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.42–7.55 (m, 6H), 7.65–7.69 (m, 4H); 
13C NMR (CDCl3, δ) 56.7, 78.7, 88.8, 109.5 (dd, J1 = 8.0, J2 = 13.0 Hz), 119.2, 126.2, 126.8, 128.5, 
128.7, 137.8, 142.7 (dd, J1 = J2 = 4.4 Hz), 146.3, 150.0 (dd, J1 = 15.2, J2 = 248.5 Hz); 
IR (ATR) 3053, 3006, 2951, 1615, 1497, 1477, 1448, 1430, 1377, 1330, 1245, 1209, 1176, 1093, 1076, 
1022, 1010, 994, 977, 930, 876, 848, 787, 761 cm–1; 
HRMS (FAB) m/z 451.1511 (451.1510 calcd for C30H21F2O2, [M+H]+). 
 
Synthesis of diepoxytetracene 110b: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (35.2 mg, 0.244 
mmol) and isobenzofuran 16b (68.0 mg, 0.200 mmol) gave, after purified by PTLC (toluene/Et2O = 
95/5), cycloadduct 110b (93.2 mg, 96.5%) as a mixture of diastereomers (110bA/110bB = 68/32). 
The diastereomers were separated by PTLC (toluene/Et2O = 95/5) to afford 110bA and 110bB as 
white solids, respectively. 
 
 





















Mp 254.3–254.8 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.64 (s, 2H), 5.08 (s, 2H), 7.06 (dd, 2H, J1 = 3.1, J2 = 5.2 Hz), 7.08 (s, 2H), 7.15 
(dd, 2H, J1 = 3.1, J2 = 5.2 Hz), 7.48 (dd, 2H, J1 = J2 = 7.7 Hz), 7.59 (dd, 4H, J1 = J2 = 7.7 Hz), 7.75 (d, 
4H, J = 7.7 Hz); 
13C NMR (CDCl3, δ) 56.3, 79.9, 89.4, 119.1, 121.1, 125.9, 126.7, 128.1, 129.0, 130.6, 135.7, 146.4, 
149.3; 
IR (ATR) 3065, 3031, 3000, 2955, 1606, 1573, 1497, 1448, 1362, 1345, 1302, 1228, 1215, 1169, 1149, 
1106, 1022, 1004, 990, 907, 864, 804, 754, 729, 703 cm–1; 
HRMS (FAB) m/z 483.0912 (483.0919 calcd for C30H21Cl2O2, [M+H]+). 
 
 
cycloadduct 110bB (anti-endo) 
Mp 252.3–252.8 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.19 (s, 2H), 5.06 (s, 2H), 7.03 (s, 2H), 7.12 (dd, 2H, J1 = 3.1, J2 = 5.2 Hz), 7.26 
(dd, 2H, J1 = 3.1, J2 = 5.2 Hz), 7.42–7.55 (m, 6H), 7.66 (d, 4H, J = 7.9 Hz); 
13C NMR (CDCl3, δ) 56.9, 78.7, 88.8, 119.2, 121.7, 126.2, 126.9, 128.6, 128.8, 131.2, 137.6, 146.2, 
146.9; 
IR (ATR) 3061, 3018, 2959, 1605, 1580, 1496, 1448, 1355, 1330, 1300, 1262, 1231, 1218, 1198, 1101, 
1007, 926, 880, 846, 751 cm–1; 
HRMS (FAB) m/z 483.0912 (483.0919 calcd for C30H21Cl2O2, [M+H]+). 
 
Synthesis of diepoxytetracene 110c: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (34.9 mg, 0.242 
mmol) and isobenzofuran 16c (85.6 mg, 0.200 mmol) gave, after purified by PTLC (toluene/Et2O = 
95/5), cycloadduct 110c (111 mg, 97.0%) as a mixture of diastereomers (110cA/110cB = 67/33). 




cycloadduct 110cA (syn-exo) 
Mp 298.9–299.6 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.64 (s, 2H), 5.08 (s, 2H), 7.06 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.15 (dd, 2H, J1 = 
3.1, J2 = 5.5 Hz), 7.23 (s, 2H), 7.48 (dd, 2H, J1 = J2 = 7.2 Hz), 7.59 (dd, 4H, J1 = J2 = 7.2 Hz), 7.74 (d, 
4H, J = 7.2 Hz); 
13C NMR (CDCl3, δ) 56.1, 79.8, 89.3, 119.1, 122.7, 124.1, 125.9, 126.6, 128.1, 128.9, 135.5, 146.3, 
150.2; 
IR (ATR) 3060, 3012, 2958, 1598, 1568, 1499, 1449, 1348, 1281, 1215, 1162, 1149, 1119, 1089, 1004, 
955, 921, 892, 864, 804, 750, 703 cm–1; 
















cycloadduct 110cB (anti-endo) 
Mp 274.5–274.8 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.19 (s, 2H), 5.07 (s, 2H), 7.13 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.19 (s, 2H), 7.26 
(dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.42–7.55 (m, 6H), 7.64–7.68 (m, 4H); 
13C NMR (CDCl3, δ) 56.9, 78.7, 88.8, 119.2, 123.3, 124.7, 126.2, 126.9, 128.6, 128.8, 137.6, 146.3, 
147.9; 
IR (ATR) 3060, 3014, 2958, 2851, 1598, 1574, 1495, 1458, 1448, 1352, 1269, 1230, 1198, 1085, 1003, 
926, 879, 846, 832, 751 cm–1; 
HRMS (FAB) m/z 572.9897 (572.9908 calcd for C30H21Br2O2, [M+H]+). 
 
Synthesis of diepoxytetracene 110d: 
According to the procedure described for the synthesis of 89, epoxynaphthalene 5 (35.2 mg, 0.244 
mmol) and isobenzofuran 16e (66.3 mg, 0.201 mmol) gave, after purified by PTLC (hexane/EtOAc = 
7/3), cycloadduct 110d (93.5 mg, 98.0%) as a mixture of diastereomers (110dA/110dB = 76/24). 
The diastereomers were separated by PTLC (hexane/EtOAc = 8/2, X2) to afford 110dA and 110dB 
as white solids, respectively. 
 
 
cycloadduct 110dA (syn-exo) 
Mp 180.9–181.2 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.65 (s, 2H), 3.73 (s, 6H), 5.07 (s, 2H), 6.61 (s, 2H), 7.05 (dd, 2H, J1 = 3.1, J2 = 
5.5 Hz), 7.16 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.47 (dd, 2H, J1 = J2 = 7.2 Hz), 7.60 (dd, 4H, J1 = J2 = 7.2 
Hz), 7.81 (d, 4H, J = 7.2 Hz); 
13C NMR (CDCl3, δ) 56.3, 57.2, 79.9, 89.8, 103.5, 119.0, 126.0, 126.4, 127.7, 128.8, 136.9, 141.8, 
146.8, 148.0; 
IR (ATR) 3059, 3006, 2958, 2935, 2858, 2832, 1608, 1487, 1450, 1407, 1355, 1307, 1279, 1209, 1181, 
1090, 1005, 921, 861, 809, 750, 736, 703 cm–1; 
HRMS (FAB) m/z 474.1827 (474.1831 calcd for C32H26O4, M+). 
 
 
cycloadduct 110dB (anti-endo) 
Mp 227.7–228.5 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.14 (s, 2H), 3.78 (s, 6H), 5.02 (s, 2H), 6.56 (s, 2H), 7.10 (dd, 2H, J1 = 3.1, J2 = 






















13C NMR (CDCl3, δ) 56.3, 56.5, 78.8, 89.2, 104.4, 119.0, 126.4, 126.6, 128.1, 128.6, 138.8, 138.9, 
146.9, 148.8; 
IR (ATR) 3059, 3013, 2956, 2910, 2863, 2834, 1604, 1490, 1448, 1409, 1364, 1327, 1280, 1208, 1180, 
1114, 1033, 1007, 967, 929, 849, 788, 748 cm–1; 







Synthesis of tetracene 117: 
A mixture of cycloadduct 89A (63.0 mg, 0.152 mmol) and p-toluenesulfonic acid monohydrate (116 
mg, 0.610 mmol) in toluene (2.0 mL) was added at 80 ºC for 1.5 h. After being cooled to room 
temperature, the reaction was stopped by adding sat. aq. NaHCO3 at 0 ºC. The products were extracted 
with EtOAc (X3), and the combined organic extracts were washed with brine, dried (Na2SO4), and 
concentrated in vacuo. The residue was purified by silica-gel vacuum column chromatography 




Mp 202.9–203.4 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.23–7.31 (m, 4H), 7.54–7.70 (m, 12H), 7.79 (dd, 2H, J1 = 3.1, J2 = 6.7 Hz), 8.31 
(s, 2H); 
13CNMR (CDCl3, δ) 124.7, 125.2, 125.7, 127.0, 127.6, 128.4, 128.5, 129.1, 129.3, 130.9, 131.5, 137.0, 
139.3; 
IR (ATR) 3054, 3024, 1599, 1496, 1463, 1440, 1393, 1262, 1215, 1119, 1071, 1030, 1000, 956, 878, 
741, 700 cm–1; 





























Synthesis of cycloadduct 120: 
To a mixture of cycloadduct 110cA (139 mg, 0.243 mmol) and furan (47) (82.7 mg, 1.21 mmol) in 
toluene (2.0 mL) was added n-BuLi (1.60 M in n-hexane, 0.18 mL, 0.29 mmol) at –15 ºC. After being 
warmed to room temperature and further stirred for 15 min, the reaction was stopped by adding water. 
The products were extracted with EtOAc (X3), and the combined organic extracts were washed with 
brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (hexane/EtOAc = 8/2) to give cycloadduct 120 (85.0 mg, 72.8%) as a mixture of 




1H NMR (CDCl3, δ) 2.62 (s, 2H), 2.66 (s, 2H), 5.06 (s, 2H), 5.09 (s, 2H), 5.47 (s, 2H), 5.54 (s, 2H), 
6.81 (s, 2H), 6.89 (s, 2H), 6.93 (s, 2H), 6.94 (s, 2H), 7.05 (dd, 4H, J1 = 3.1, J2 = 5.1 Hz), 7.15 (dd, 4H, 
J1 = 3.1, J2 = 5.1 Hz), 7.42–7.49 (m, 4H), 7.55–7.61 (m, 8H), 7.74–7.80 (m, 8H); 
13C NMR (CDCl3, δ) 56.7, 56.8, 79.9, 82.1, 82.2, 89.6, 111.8, 111.9, 119.1, 126.1, 126.2, 126.5, 127.7, 
128.8, 136.78, 136.81, 143.0, 143.3, 146.76, 146.84, 147.1, 147.2, 148.8, 148.9; 
IR (ATR) 3061, 3009, 2960, 2873, 1604, 1498, 1459, 1448, 1358, 1322, 1304, 1281, 1216, 1147, 1128, 
1072, 1022, 1004, 988, 920, 863, 847, 803, 748 cm–1; 
HRMS (ESI) m/z 503.1621 (503.1623 calcd for C34H24NaO3, [M+Na]+). 
 
Synthesis of cycloadduct 121: 
A mixture of cycloadduct 120 (494 mg, 1.03 mmol), fumaronitrile 71 (121 mg, 1.55 mmol) and 
3,6-di(2-pyridyl)-1,2,4,5-tetrazine (6) (369 mg, 1.56 mmol) in toluene (4.0 mL) was heated at 110 ºC 
for 5 h. After being cooled to room temperature, the solvent was concentrated in vacuo. The residue 
was purified by silica-gel flash column chromatography (hexane/CH2Cl2/Et2O = 40/55/5) to give 




























































1H NMR (CDCl3, δ) 2.55–2.58 (m, 1H), 2.66–2.75 (m, 2H), 3.33–3.44 (m, 1H), 5.08–5.11 (m, 2H), 
5.49–5.53 (m, 2H), 7.01–7.19 (m, 6H), 7.42–7.52 (m, 2H), 7.54–7.63 (m, 4H), 7.73–7.80 (m, 4H); 
13C NMR (CDCl3, δ) 35.6, 35.8, 36.6, 36.9, 55.97, 56.00, 56.2, 56.4, 79.8, 79.9, 79.95, 79.97, 80.1, 
80.3, 82.6, 82.7, 89.4, 89.57, 89.63, 89.7, 111.0, 111.1, 112.9, 113.0, 115.6, 116.3, 117.99, 118.03, 
119.1, 119.3, 126.0, 126.1, 126.6, 126.7, 128.1, 128.95, 128.99, 135.8, 135.9, 136.1, 136.2, 139.0, 
139.1, 140.6, 140.7, 146.4, 146.6, 151.0, 151.05, 151.13; 
IR (ATR) 3059, 3014, 2958, 2248, 1605, 1498, 1449, 1359, 1334, 1304, 1269, 1216, 1185, 1149, 1126, 
1022, 1003, 960, 920, 862, 804, 750, 702 cm–1; 
HRMS (ESI) m/z 555.1683 (555.1685 calcd for C36H24N2NaO3, [M+Na]+). 
 
Synthesis of diepoxypentacene 122: 
To a mixture of cycloadduct 121 (173 mg, 0.325 mmol) and lithium iodide (96.4 mg, 0.720 mmol) in 
THF (4.0 mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (0.80 mL, 5.35 mmol) at room 
temperature. After reflux for 3.5 h, the reaction was stopped by adding brine at 25 °C. The products 
were extracted with EtOAc (X3), and the combined organic extracts were dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by silica-gel flash column chromatography 




Mp 389.9–391.8 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.71 (s, 2H), 5.18 (s, 2H), 7.08 (dd, 2H, J1 = 3.1, J2 = 5.5 Hz), 7.18 (dd, 2H, J1 = 
3.1, J2 = 5.5 Hz), 7.46 (s, 2H), 7.52–7.58 (m, 2H), 7.64–7.70 (m, 4H), 7.82–7.86 (m, 4H), 8.09 (s, 2H); 
13C NMR (CDCl3, δ) 55.8, 80.2, 89.6, 110.3, 115.7, 117.8, 119.2, 126.1, 126.8, 128.5, 129.2, 132.9, 
135.5, 135.6, 146.3, 152.4; 
IR (ATR) 3064, 3016, 2962, 2235, 1606, 1497, 1449, 1371, 1340, 1309, 1279, 1216, 1145, 1004, 920, 
861, 750, 701 cm–1; 
































Synthesis of epoxynaphthalene 123: 
To a mixture of 1,2-dibromo-4,5-dimethoxybenzene (4.00 g, 13.5 mmol) and furan (47) (6.27 g, 92.1 
mmol) in toluene (68 mL) was added n-BuLi (1.63 M in n-hexane, 10.8 mL, 17.6 mmol) at –15 ºC. 
After being warmed up to room temperature and further stirred for 5 min, the reaction was stopped by 
adding water. The products were extracted with EtOAc (X3), and the combined organic extracts were 
washed with brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel 





Mp 147.6–147.9 °C (toluene); 
1H NMR (CDCl3, δ) 3.85 (s, 6H), 5.68 (s, 2H), 6.97 (s, 2H), 7.05 (s, 2H); 
13C NMR (CDCl3, δ) 56.5, 82.6, 106.8, 141.8, 143.4, 145.9; 
IR (ATR) 3007, 2964, 2836, 1600, 1486, 1469, 1456, 1413, 1326, 1286, 1207,1065, 967, 911, 858, 
788, 736, 695 cm–1; 
HRMS (ESI) m/z 227.0690 (227.0684 calcd for C12H12NaO3, [M+Na]+). 
 
Synthesis of diepoxytetracene 124: 
A mixture of epoxynaphthalene 123 (49.4 mg, 0.242 mmol) and isobenzofuran 16c (85.7 mg, 0.200 
mmol) in toluene (2.0 mL) was heated at 110 °C for 30 min. After being cooled to room temperature, 
the solvent was evaporated in vacuo. The residue was purified by silica-gel open column 
chromatography (hexane/toluene/CH2Cl2/Et2O = 25/15/55/5) to give cycloadduct 124A and 124B 
(78.9 and 41.2 mg, 95.0%, 124A/124B = 66/34) as white solids, respectively. 
 
 
cycloadduct 124A (syn-exo) 
Mp 197.4–198.1 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.65 (s, 2H), 3.82 (s, 6H), 5.04 (s, 2H), 6.80 (s, 2H), 7.26 (s, 2H), 7.46–7.51 (m, 
2H), 7.58–7.63 (m, 4H), 7.74–7.77 (m, 4H); 

















































IR (ATR) 3012, 2956, 2833, 1608, 1488, 1449, 1345, 1304, 1214, 1084, 1004, 849, 748, 704 cm–1; 
HRMS (ESI) m/z 654.9940 (654.9939 calcd for C32H24Br2NaO4, [M+Na]+). 
 
cycloadduct 124B (anti-endo) 
Mp 345.1–345.5 °C (toluene); 
1H NMR (CDCl3, δ) 3.15 (s, 2H), 3.87 (s, 6H), 5.02 (s, 2H), 6.87 (s, 2H), 7.19 (s, 2H), 7.43–7.48 (m, 
2H), 7.50–7.55 (m, 4H), 7.64–7.67 (m, 4H); 
13C NMR (CDCl3, δ) 56.3, 57.5, 78.9, 88.7, 104.1, 123.3, 124.7, 126.2, 128.5, 128.8, 137.7, 138.6, 
147.8, 147.9; 
IR (ATR) 3019, 2932, 2833, 1607, 1484, 1448, 1352, 1329, 1298, 1215, 1085, 1003, 879, 851, 750 
cm–1; 






Synthesis of cycloadduct 125: 
To a mixture of cycloadduct 124A (127 mg, 0.201 mmol) and furan (140 mg, 2.06 mmol) in THF (2.0 
mL) was added PhLi (1.09 M in cyclohexane–Et2O, 0.28 mL, 0.31 mmol) at –15 ºC. After being 
warmed to room temperature and further stirred for 5 min, the reaction was stopped by adding water. 
The products were extracted with EtOAc (X3), and the combined organic extracts were washed with 
brine, dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (hexane/CH2Cl2/acetone = 7/2/1) to give cycloadduct 125 (84.9 mg, 78.1%) as a 




1H NMR (CDCl3, δ) 2.61 (s, 2H), 2.64 (s, 2H), 3.81 (s, 6H), 3.82 (s, 6H), 5.01 (s, 2H), 5.04 (s, 2H), 
5.49 (s, 2H), 5.55 (s, 2H), 6.79 (m, 4H), 6.82 (s, 2H), 6.91 (s, 2H), 6.94 (s, 2H), 6.95 (s, 2H), 7.43–



































































13C NMR (CDCl3, δ) 56.3, 57.26, 57.30, 80.2, 82.15, 82.24, 89.5, 104.1, 111.8, 111.9, 126.1, 126.2, 
127.7, 128.8, 136.8, 139.2, 139.3, 143.1, 143.4, 147.2, 147.3, 147.7, 148.8, 148.9; 
IR (ATR) 3009, 2955, 2833, 1605, 1489, 1448, 1303, 1214, 1084, 1003, 847, 747, 699 cm–1; 
HRMS (ESI) m/z 563.1811 (563.1834 calcd for C36H28NaO5, [M+Na]+). 
 
Synthesis of cycloadduct 126: 
A mixture of cycloadduct 125 (152 mg, 0.281 mmol), fumaronitrile 71 (33.1 mg, 0.424 mmol) and 
3,6-di(2-pyridyl)-1,2,4,5-tetrazine (6) (102 mg, 0.432 mmol) in toluene (2.0 mL) was heated at 110 ºC 
for 4 h. After being cooled to room temperature, the solvent was concentrated in vacuo. The residue 
was purified by silica-gel flash column chromatography (hexane/CH2Cl2/acetone/Et2O = 40/50/5/5) to 




1H NMR (CDCl3, δ) 2.59–2.78 (m, 12H), 3.38–3.48 (m, 4H), 3.81–3.83 (m, 24H), 5.05–5.06 (m, 8H), 
5.55–5.59 (m, 8H), 6.79–6.82 (m, 8H), 7.04–7.13 (m, 8H), 7.45–7.51 (m, 8H), 7.56–7.64 (m, 16H), 
7.74–7.81 (m, 16H); 
13C NMR (CDCl3, δ) 35.8, 36.0, 36.7, 37.0, 56.2, 56.3, 56.4, 56.58, 56.61, 56.8, 57.0, 80.15, 80.19, 
80.23, 80.3, 80.5, 82.7, 82.9, 89.4, 89.57, 89.62, 89.7, 104.10, 104.13, 104.2, 111.0, 111.2, 111.7, 
113.0, 113.1, 115.6, 116.3, 118.00, 118.03, 126.0, 126.2, 128.09, 128.11, 128.97, 129.02, 135.9, 136.1, 
136.2, 136.3, 138.8, 138.9, 139.00, 139.03, 139.1, 140.6, 140.8, 147.8, 147.9, 151.2, 151.3, 151.4; 
IR (ATR) 3012, 2960, 2835, 2248, 1606, 1487, 1466, 1304, 1215, 1085, 1004, 850, 746, 702 cm–1; 
HRMS (ESI) m/z 615.1907 (615.1896 calcd for C38H28N2NaO5, [M+Na]+). 
 
Synthesis of diepoxypentacene 127: 
To a mixture of cycloadduct 126 (137 mg, 0.231 mmol) and lithium iodide (46.7 mg, 0.349 mmol) in 
THF (2.0 mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (0.30 mL, 2.01 mmol) at room 
temperature. After reflux for 2 h, the reaction was stopped by adding water at 25 °C. The products 
were extracted with CH2Cl2 (X3), and the combined organic extracts were washed with brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (hexane/CH2Cl2/acetone = 4/4/2) to give diepoxypentacene 127 (121 mg, 91.3%) as 




Mp 242.3–243.2 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 2.72 (s, 2H), 3.82 (s, 6H), 5.14 (s, 2H), 6.81 (s, 2H), 7.49 (s, 2H), 7.53–7.57 (m, 
2H), 7.64–7.68 (m, 4H), 7.83–7.86 (m, 4H), 8.13 (s, 2H); 























135.6, 138.7, 148.0, 152.5; 
IR (ATR) 3060, 2956, 2832, 2234, 1598, 1567, 1490, 1450, 1305, 1217, 1085, 1005, 910, 851, 792, 
732, 702 cm–1; 







Synthesis of diepoxyanthracene 128: 
To a mixture of tetrabromobenzene 1291 (151 mg, 0.200 mmol) and furan (47) (94 mg, 1.4 mmol) in 
toluene (2.0 mL) was added PhLi (1.09 M in cyclohexane–Et2O, 0.44 mL, 0.48 mmol) at −40 °C. After 
being warmed to 10 °C and further stirred for 5 min, the reaction was stopped by adding water. The 
products were extracted with EtOAc (×3), and the combined organic extracts were washed with brine, 
dried (Na2SO4), and concentrated in vacuo. The residue was purified by silica-gel flash column 
chromatography (hexane/CH2Cl2/Et2O = 98/1/1) to give diepoxyanthracene 128 (106 mg, 93.0%, less 
polar 128/more polar 128 = 50/50) as a mixture of diastereomers. Two diastereomers of 128 were 




diepoxyanthracene 128 (less polar) 
Rf 0.35 (hexane/toluene/CH2Cl2/Et2O = 91/5/2/2, X2); 
Mp decomposed at 220 °C (MeOH/CHCl3); 
                                                
1 (a) B. VanVeller, K. Miki, T. M. Swager, Org. Lett. 2010, 12, 1292. (b) R. R. Parkhurst, T. M. Swager, J. Am. 
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129 130 (74%, A/B/C =  52/42/6)







1H NMR (CDCl3, δ) 1.13–1.19 (m, 42H), 5.78 (s, 4H), 7.07 (s, 4H); 
13C NMR (CDCl3, δ) 11.2, 18.7, 82.1, 97.2, 100.5, 110.6, 143.3, 150.5; 
IR (ATR) 3014, 2939, 2863, 2161, 1462, 1384, 1336, 1281, 1262, 1177, 1070, 1015, 996, 926, 862, 
760, 717 cm–1; 
HRMS (ESI) m/z 593.3242 (593.3247 calcd for C36H50NaO2Si2, [M+Na]+). 
 
diepoxyanthracene 128 (more polar) 
Rf 0.28 (hexane/toluene/CH2Cl2/Et2O = 91/5/2/2, X2); 
Mp 192.9–193.5 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.12–1.19 (m, 42H), 5.78 (s, 4H), 7.06 (s, 4H); 
13C NMR (CDCl3, δ) 11.2, 18.7, 82.1, 97.2, 100.5, 110.4, 143.4, 150.5; 
IR (ATR) 3015, 2942, 2864, 2160, 1463, 1384, 1335, 1281, 1261, 1177, 1072, 1016, 996, 926, 866, 
765, 717 cm–1; 
HRMS (ESI) m/z 593.3249 (593.3247 calcd for C36H50NaO2Si2, [M+Na]+). 
 
Synthesis of tetraepoxyheptacene 130: 
A mixture of diepoxyanthracene 128 (less polar) (10.7 mg, 18.7 µmol) and isobenzofuran 9 (11.3 mg, 
41.8 µmol) in toluene (1.0 mL) was heated at 110 °C for 1 h. After being cooled to room temperature, 
the solvent was evaporated in vacuo. The residue was purified by PTLC (toluene) to give 
tetraepoxyheptacene 130 as three diastereomers (15.3 mg, 73.8%, 130A/130B/130C = 52/42/6) as 
white solids, respectively. 
 
 
tetraepoxyheptacene 130A (syn-exo, syn-exo) 
Mp decomposed at 395 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.08–1.24 (m, 42H), 2.59 (s, 4H), 5.18 (s, 4H), 7.02 (s, 8H), 7.42 (dd, 4H, J1 = J2 
= 7.4 Hz), 7.51 (dd, 8H, J1 = J2 = 7.4 Hz), 7.75 (dd, 8H, J = 7.4 Hz); 
13C NMR (CDCl3, δ) 11.4, 18.66, 18.74, 55.7, 79.7, 89.4, 98.4, 100.4, 107.8, 118.7, 125.9, 126.7, 
127.5, 128.7, 136.7, 148.1, 149.1; 
IR (ATR) 3007, 2943, 2864, 2155, 1604, 1498, 1457, 1307, 1218, 1177, 1074, 1016, 883, 743 cm–1; 
HRMS (ESI) m/z 1133.5339 (1133.5336 calcd for C76H78NaO4Si2, [M+Na]+). 
 
tetraepoxyheptacene 130B (syn-exo, anti-endo) 
Mp decomposed at 360 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.15–1.27 (m, 42H), 2.68 (s, 2H), 3.13 (s, 2H), 5.06 (s, 2H), 5.24 (s, 2H), 6.95 
(dd, 2H, J1 = 2.9, J2 = 5.4 Hz), 7.05 (s, 4H), 7.19 (dd, 2H, J1 = 2.9, J2 = 5.4 Hz), 7.36–7.46 (m, 8H), 
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13C NMR (CDCl3, δ) 11.4, 18.7, 55.4, 55.6, 78.5, 79.7, 89.0, 89.5, 98.3, 100.4, 107.8, 118.8, 119.6, 
125.9, 126.5, 126.7, 127.2, 127.6, 128.2, 128.4, 128.8, 136.6, 138.4, 146.9, 148.1, 148.2, 149.3; 
IR (ATR) 3032, 2942, 2863, 2156, 1604, 1499, 1459, 1326, 1218, 1179, 1074, 986, 885, 748 cm–1; 
HRMS (ESI) m/z 1133.5318 (1133.5336 calcd for C76H78NaO4Si2, [M+Na]+). 
 
tetraepoxyheptacene 130C (anti-endo, anti-endo) 
Mp decomposed at 350 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.17–1.30 (m, 42H), 3.19 (s, 4H), 5.09 (s, 4H), 6.98 (dd, 4H, J1 = 3.0, J2 = 5.3 
Hz), 7.20 (dd, 4H, J1 = 3.0, J2 = 5.3 Hz), 7.38–7.46 (m, 12H), 7.66–7.69 (m, 8H); 
13C NMR (CDCl3, δ) 11.4, 18.75, 18.80, 55.4, 78.5, 89.0, 98.4, 100.5, 107.8, 119.6, 126.5, 127.2, 
128.2, 128.5, 138.5, 146.7, 148.3; 
IR (ATR) 3011, 2943, 2864, 2153, 1605, 1499, 1460, 1327, 1218, 1187, 1070, 997, 879, 749 cm–1; 
HRMS (ESI) m/z 1133.5345 (1133.5336 calcd for C76H78NaO4Si2, [M+Na]+). 
 
Synthesis of tetraepoxyheptacene 130: 
A mixture of diepoxyanthracene 128 (more polar) (17.0 mg, 29.8 µmol) and isobenzofuran 9 (17.7 
mg, 65.5 µmol) in toluene (1.0 mL) was heated at 110 °C for 1 h. After being cooled to room 
temperature, the solvent was evaporated in vacuo. The residue was purified by PTLC (toluene) to give 
tetraepoxyheptacene 130 as three diastereomers (30.5 mg, 91.9%, 130D/130E/130F = 48/45/7) as 
white solids, respectively. 
 
 
tetraepoxyheptacene 130D (syn-exo, syn-exo) 
Mp 352.2–352.7 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.09–1.20 (m, 42H), 2.63 (s, 4H), 5.16 (s, 4H), 7.00–7.06 (m, 8H), 7.41 (dd, 4H, 
J1 = J2 = 7.5 Hz), 7.51 (dd, 8H, J1 = J2 = 7.5 Hz), 7.74–7.76 (m, 8H); 
13C NMR (CDCl3, δ) 11.3, 18.8, 56.0, 79.8, 89.4, 98.0, 100.5, 107.5, 118.6, 125.9, 126.6, 127.6, 128.8, 
136.6, 148.4, 149.3; 
IR (ATR) 3001, 2944, 2864, 2150, 1604, 1498, 1458, 1306, 1219, 1176, 1071, 994, 881, 747 cm–1; 
HRMS (ESI) m/z 1133.5330 (1133.5336 calcd for C76H78NaO4Si2, [M+Na]+). 
 
tetraepoxyheptacene 130E (syn-exo, anti-endo) 
Mp 221.2–222.2 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.13–1.27 (m, 42H), 2.78 (s, 2H), 3.22 (s, 2H), 5.04 (s, 2H), 5.22 (s, 2H), 6.92 
(dd, 2H, J1 = 3.0, J2 = 5.4 Hz), 7.00–7.06 (m, 4H), 7.19 (dd, 2H, J1 = 3.0, J2 = 5.4 Hz), 7.38–7.45 (m, 
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13C NMR (CDCl3, δ) 11.3, 18.8, 55.3, 55.8, 78.6, 79.9, 89.2, 89.6, 98.0, 100.6, 107.6, 118.8, 119.6, 
125.9, 126.70, 126.73, 127.3, 127.6, 128.2, 128.4, 128.8, 136.6, 128.4, 146.8, 148.4, 149.3; 
IR (ATR) 3019, 2944, 2864, 2156, 1603, 1499, 1458, 1308, 1259, 1177, 1072, 999, 884, 747 cm–1; 
HRMS (ESI) m/z 1133.5353 (1133.5336 calcd for C76H78NaO4Si2, [M+Na]+). 
 
tetraepoxyheptacene 130F (anti-endo, anti-endo) 
Mp 340.6–341.4 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 1.21–1.31 (m, 42H), 3.32 (s, 4H), 5.06 (s, 4H), 6.95 (dd, 4H, J1 = 2.9, J2 = 5.4 
Hz), 7.20 (dd, 4H, J1 = 2.9, J2 = 5.4 Hz), 7.37–7.46 (m, 12H), 7.68–7.71 (m, 8H); 
13C NMR (CDCl3, δ) 11.4, 18.9, 55.2, 78.7, 89.1, 98.0, 100.6, 107.7, 119.6, 126.7, 127.3, 128.2, 128.4, 
138.4, 146.8, 148.4; 
IR (ATR) 3030, 2945, 2864, 2153, 1605, 1498, 1458, 1326, 1218, 1179, 1075, 998, 879, 756 cm–1; 







Synthesis of pentacene 131a: 
All manipulations were carried out with exclusion of air and ambient light. To a mixture of 
diepoxypentacene 122 (10.6 mg, 0.0206 mmol) and CsI (31.6 mg, 0.122 mmol) in CHCl3 (2.0 mL) 
was added AlBr3 (1.0 M in dibromomethane, 0.10 mL, 0.10 mmol) at 0 °C. After stirring for 48 h, the 
reaction was stopped by adding sat. aq. NaHCO3 at 0 °C. The products were extracted with CHCl3 
(X3), and the combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in 
vacuo. The residue was purified by PTLC (hexane/EtOAc = 7/3) to give pentacene 131a (4.9 mg, 




Mp 364.9–365.5 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 7.34 (dd, 2H, J1 = 3.2, J2 = 6.4 Hz), 7.59–7.63 (m, 4H), 7.72–7.82 (m, 8H), 8.28 
(s, 2H), 8.41 (s, 2H), 8.45 (s, 2H); 
13C NMR (CDCl3, δ) 107.0, 116.2, 126.22, 126.24, 127.5, 128.45, 128.54, 129.0, 129.2, 129.4, 129.7, 
131.5, 131.9, 138.2, 138.96, 139.00; 
IR (ATR) 3055, 3021, 2229, 1598, 1494, 1447, 1383, 1277, 1216, 1173, 1072, 1028, 921, 879, 751, 
702 cm–1; 






















Crystallographic data: C36.85H20.85Cl2.56N2, MW = 582.36, 0.270 x 0.052 x 0.045 mm3, monoclinic, 
space group P 21/n, Z = 4, T = 173(2) K, a = 8.53096(15) Å, b = 15.8424(3) Å, c = 20.9248(4) Å, β = 
97.9035(7)°, V = 2801.14(9) Å3, λ(Cu Kα) = 1.54186 Å, μ = 2.806 mm–1. Intensity data were collected 
on a Rigaku R-AXIS RAPID2. The structure was solved by direct methods (SHELXS97) and refined 
by the full-matrix least-squares on F2 (SHELXL2014). A total of 32319 reflections were measured and 
5126 were independent. Final R1 = 0.0438, wR2 = 0.1159 (4439 refs; I > 2σ(I)), and GOF = 1.063 (for 







Synthesis of pentacene 131b: 
All manipulations were carried out with exclusion of air and ambient light. To a mixture of 
diepoxypentacene 127 (11.4 mg, 19.8 µmol) and CsI (42.0 mg, 162 µmol) in CHCl3 (1.0 mL) was 
added AlBr3 (1.0 M in dibromomethane, 0.020 mL, 20 µmol) at 25 °C. After stirring for 48 h, the 
reaction was stopped by adding sat. aq. NaHCO3. The products were extracted with CHCl3 (X3), and 
the combined organic extracts were washed with brine, dried (Na2SO4), and concentrated in vacuo. 
The residue was purified by PTLC (hexane/CH2Cl2/Et2O = 30/67/3) to give pentacene 131b (5.9 mg, 
55.1%) as blue solids and acetal 134 as two diastereomers (5.4 mg, 45.4%, less polar 134A/more 




Mp > 490 °C (hexane/CHCl3); 
1H NMR (CDCl3, δ) 3.98 (s, 6H), 6.97 (s, 2H), 7.59–7.62 (m, 4H), 7.70–7.77 (m, 6H), 8.15 (s, 2H), 
8.27 (s, 2H), 8.40 (s, 2H); 
13C NMR (CDCl3, δ) 56.0, 104.3, 106.7, 116.3, 123.1, 127.3, 128.3, 128.9, 129.0, 129.1, 129.2, 129.8, 
131.5, 137.8, 138.6, 138.9, 151.2; 






































HRMS (ESI) m/z 563.1746 (563.1735 calcd for C38H24N2NaO2, [M+Na]+); 
Crystallographic data:   C40H26Cl6N2O2, MW = 779.33, 0.168 x 0.017 x 0.015 mm3, monoclinic, 
space group P 21, Z = 2, T = 173(2) K, a = 5.707(7) Å, b = 17.086 (19) Å, c = 18.41(2) Å, β = 
95.76(3)°, V = 1786(4) Å3, λ(Cu Kα) = 1.54186 Å, μ = 4.704 mm–1. Intensity data were collected on a 
Rigaku R-AXIS RAPID II. The structure was solved by direct methods (Charge Flipping in PLATON) 
and refined by the full-matrix least-squares on F2 (SHELXL2014). A total of 20769 reflections were 
measured and 6392 were independent. Final R1 = 0.0914, wR2 = 0.2027 (3172 refs; I > 2σ(I)), and 
GOF = 1.058 (for all data, R1 = 0.1456, wR2 = 0.2584). 
 
 
acetal 134A (less polar) 
Mp 262.9–263.6 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 0.82 (t, 3H, J = 6.9 Hz), 3.36 (dq, 1H, J1 = 6.9, J2 = 9.2 Hz), 3.47 (dq, 1H, J1 = 
6.9, J2 = 9.2 Hz), 3.95 (s, 3H), 4.01 (s, 3H), 7.01 (s, 1H), 7.13 (s, 1H), 7.34–7.41 (m, 5H), 7.44 (dd, 2H, 
J1 = J2 = 7.4 Hz), 7.49–7.52 (m, 2H), 7.55 (d, 1H, J = 1.7 Hz), 7.69 (d, 1H, J = 8.6 Hz), 7.76 (d, 2H, J 
= 7.4 Hz), 7.83 (s, 1H), 7.92 (s, 1H), 8.30 (s, 1H), 8.34 (s, 1H); 
13C NMR (CDCl3, δ) 14.6, 55.9, 56.0, 59.3, 93.1, 106.0, 106.9, 109.5, 110.2, 110.5, 115.65, 115.70, 
123.6, 124.1, 124.5, 125.1, 126.6, 126.8, 127.7, 127.9, 128.2, 128.4, 128.6, 128.8, 128.9, 133.3, 133.4, 
136.1, 136.4, 139.8, 139.9, 144.0, 146.6, 147.8, 149.9, 150.1; 
IR (ATR) 3031, 2968, 2907, 2832, 2234, 1607, 1488, 1415, 1285, 1251, 1218, 1161, 1128, 1065, 986, 
914, 859, 771 cm–1; 
HRMS (ESI) m/z 625.2092 (625.2103 calcd for C40H30N2NaO4, [M+Na]+). 
 
acetal 134B (more polar) 
Mp 189.7–190.0 °C (MeOH/CHCl3); 
1H NMR (CDCl3, δ) 0.59 (t, 3H, J = 7.2 Hz), 3.29 (dq, 1H, J1 = 7.2, J2 = 9.2 Hz), 3.36 (dq, 1H, J1 = 
7.2, J2 = 9.2 Hz), 3.92 (s, 3H), 4.00 (s, 3H), 6.99 (s, 1H), 7.12 (s, 1H), 7.34–7.51 (m, 9H), 7.57 (d, 1H, 
J = 1.2 Hz), 7.69 (d, 1H, J = 8.6 Hz), 7.80 (d, 2H, J = 7.5 Hz), 7.86 (s, 1H), 7.89 (s, 1H), 8.34 (s, 1H), 
8.35 (s, 1H); 
13C NMR (CDCl3, δ) 14.5, 55.8, 55.9, 59.2, 92.8, 106.0, 106.8, 109.2, 110.2, 110.5, 115.67, 115.70, 
123.6, 124.4, 124.6, 124.8, 126.5, 126.6, 127.5, 128.1, 128.2, 128.45, 128.49, 128.9, 133.3, 133.5, 
136.1, 136.4, 139.6, 139.7, 144.4, 146.7, 147.8, 149.8, 149.9; 
IR (ATR) 3039, 2972, 2896, 2847, 2237, 1607, 1483, 1415, 1287, 1254, 1203, 1163, 1128, 1058, 985, 
919, 859, 752 cm–1; 




















(1) ベンザイン前駆体に導入したハロゲン原子の–I 効果、(2) 交換反応が起こるハロゲン原子
の潜在的な反応性の差の利用によってこれを達成した。さらに、この手法で得た多環式芳香
族化合物を適切に変換することで、多様な置換ペンタセンを創製することができた。 
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